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SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 


1.0       INTRODUCTION 

This  report  on  the  Toronto  -  R.L.  CLark  Water  Treatment  Plant  Optimiza- 
tion Study  was  prepared  by  MacLaren  Engineers  Inc.  on  behalf  of  the 
Ontario  Ministry  of  the  Environment  under  Agreement  dated 
April  24,  1987. 

The  project  is  a  result  of  the  Drinking  Water  Surveillance  Program 
(DWSP)  being  carried  out  by  the  Ministry  of  the  Environment  on 
municipal  water  supplies.  Under  this  program,  which  began  on  April  1, 
1986,  a  continuously  updated  base  of  information  is  being  established 
on  Ontario  water  plants  and  water  quality.  The  Water  Plant  Optimiza- 
tion Study  (WPOS)  program  was  initiated  for  each  plant  entering  the 
program  in  order  to  complement  the  data  generated  from  the  Drinking 
Water  Surveillance  Program. 

The  study  approach  and  detailed  Terms  of  Reference  for  the  Water  Plant 
Optimization  Study  were  prepared  by  the  Ministry  of  the  Environment. 
The  purpose  of  the  study  is  to  document  and  review  present  conditions 
and  determine  an  optimum  treatment  strategy  for  contaminant  removal  at 
the  plant,  with  emphasis  on  the  removal  of  particulate  materials  and 
disinfection  processes. 

To  maintain  a  current  database  of  information,  it  is  envisaged  that  the 
WPOS  report  will  be  updated  on  an  annual  basis. 

As  a  supplement  to  the  Water  Plant  Optimization  Study  for  the  Toronto  - 
R.  L.  Clark  Water  Treatment  Plant,  a  separate  report  was  prepared  on 
the  existing  waste  management  practices  at  the  plant.  The  report  in- 
cludes recommendations  for  the  optimization  handling  and  disposal  of 
wastes  generated  at  the  plant  and  provides  first-order  cost  estimates 
for  the  recommended  option.  •  The  report  was  prepared  by  MacLaren 
Engineers  Inc.  for  the  Ministry  of  the  Environment  under  the  title: 
Wastewater  Disposal  Study,  Toronto  -  R.L.  Clark  Water  Treatment  Plant, 
July.  1988. 
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2.0  HIGHLIGHTS  OF  STUDY 

2.1  Raw  Water  Quality 

The  R.L.  Clark  Water  Treatment  Plant,  one  of  four  Metropolitan  Toronto 
plants,  is  located  in  the  City  of  Etobicoke  and  draws  water  from  Lake 
Ontario  for  processing  and  distribution  of  treated  water  to  the  System. 
The  raw  water,  in  general  terms,  is  of  good  physical  and  chemical  qual- 
ity. Average  levels  of  turbidity  and  colour  are  low  and  monthly  vari- 
ations are  also  low.  Greater  fluctuations  occur  in  daily  values  but 
these  have  not  caused  any  significant  impact  on  the  operation  of  the 
plant.  Alkalinity  and  hardness  are  relatively  constant  and  reflect  a 
water  salinity  with  moderate  hardness.  The  pH  is  normally  above  8.0 
units  and  varies  with  the  season.  During  the  summer  months  highs  of  up 
to  8.5  units  have  been  observed. 

The  bacteriological  water  quality,  as  measured  by  the  total  and  fecal 
coliform  indicator  organisms,  indicates  that  the  source  water  is  pol- 
luted and  that  the  contamination  is  of  fecal  origin.  The  degree  of 
pollution  varies  from  day-to-day  and  tends  to  be  lower  during  the  sum- 
mer than  during  the  winter. 

During  the  summer  months  significant  numbers  of  algae  are  present  in 
the  raw  water  which  affect  the  operations  of  the  filters.  The  dominant 
species  include  Asterionel la,  Fragilaria,  Melosira,  Microspora,  Oscil- 
latoria,  Stephanodi scus  and  Tabellaria. 

2.2  Flow  Measurement  Accuracy 

Venturi  tube  flow  meters  are  used  for  measuring  the  plant's  main  pro- 
cess flows.  Although  these  primary  flow  meters  are  known  to  be  very 
accurate,  tt'=  maximum  range  in  flow  meter  error  was  established  as 
being  anywhere  from  ±1.6  to  ±3.0%  as  a  result  of  cumulative  errors 
arising  from  flow  meter  instrumentation  and  the  use  of  multiple  meters. 
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2.3      Plant  Capacity  and  Process  Design 

The  R.L.  Clark  Filtration  Plant  and  associated  works  were  constructed 
from  1952  to  1958  with  a  plant  capacity  of  464,500  mVd . 

The  plant  utilizes  the  conventional  treatment  process  consisting  of 
rapid  mixing,  two-stage  f locculation,  sedimentation  and  gravity  filtra- 
tion through  monomedium  sand  filters.  In  1985  to  1985  plant  capacity 
was  increased  to  559,000  m^/d  by  retrofitting  existing  filters  with 
dual  media  consisting  of  anthracite  and  sand. 

Chemical  treatment  processes  consist  of  coagulation  with  alum,  dis- 
infection using  gaseous  chlorine,  fluoridation  using  liquid  hydro- 
fluosilicic  acid,  and  ammoniation  of  the  treated  water  with  the  addi- 
tion of  anhydrous  ammonia.  Gaseous  chlorine  in  solution  form  is 
applied  in  the  prechlorination  and  postchlorination  modes.  The  mode  of 
postchlorination  used  is  either  ordinary  (also  known  as  conventional) 
or  superchlorination .  The  latter  mode  is  used  when  the  free  ammonia 
content  in  the  raw  water  exceeds  a  pre-determined  level  in  order  to 
safeguard  against  the  possible  presence  of  a  higher  level  of  bacterial 
pollution  in  the  raw  water  and  to  control  any  tastes  and  odours,  if 
present.  Following  superchlorination,  the  water  is  dechlorinated  using 
sulphur  dioxide  gas. 

Sedimentation  tank  sludges  and  filter  backwash  water  are  discharged 
directly  to  the  lake  via  the  plant  outfall. 

Our  review  of  the  existing  capacity  of  individual  process  components 

has  revealed  that  the  plant  is  capable  of  treating  the  current  rated 
capacity  of  559,000  m^/d  on  a  continuous  basis  providing  existing 
algae  levels  during  the  summer  do  not  increase  substantially  in  the 
future.  This  limitation  arises  from  the  fact  that  the  overflow  rate  of 
existing  sedimentation  basins  is  two  to  three  times  greater  than  the 
optimum  required  for  efficient  settling.  Consequently,  sedimentation 
basins  act  as  chemical  contact  and  roughing  basins  and  only  remove  the 
coarser  fraction  of  particulate  matter.   In  essence,  therefore,  the 
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treatment  plant  functions  as  a  direct  filtration  plant  which,  in  case 
of  high  algae  densities,  could  experience  operating  problems  with  the 
filters  due  to  shortened  filter  runs. 

2.4  Process  Automation 

The  original  plant  instrumentation  consists  of  a  conventional  analogue 
«jiinprvisory  and  control  system  featuring  area  control  panels  for  local 
operation  of  equipment  and  a  main  central  control  panel  for  remote 
manual  operations.  In  addition,  the  treated  water  pumps  can  be  con- 
trolled remote  manually  from  Central  Pumping  Control  in  the  distri- 
bution system. 

Recently  a  micro-process  controller  was  installed  for  monitori,.g  and 
automatic  operation  of  the  filters.  Also,  individual  C-M-A  (computer — 
manual-automatic)  controllers  were  installed  for  optional,  automatic 
compound-loop  control  of  the  chlorinators  and  sul phonators . 

2. 5  Plant  Operations 

Normally  the  plant  is  operated  by  two  operators  -  the  Filter  Plant 
Operator  (FPO)  and  his  helper,  the  Filter  Plant  Assistant  (FPA).  The 
FPO  runs  the  plant  in  a  remote  manual  mode  from  the  central  control 
room.  He  will  select  raw  water  pumps  to  match  the  flow  rate  of  the 
treated  water  pumps.  The  treated  water  pumps  are  normally  selected 
remote  manually  from  Central  Pumping  Control.  Treatment  modules  are 
selected  by  the  FPO  depending  upon  raw  water  flow,  and  so  are  the  cor- 
responding rapid  mixers  and  f locculators . 

The  filters  are  operated  automatically  at  constant  rate  and  are  con- 
trolled by  the  level  in  the  settled  water  conduit.  Filters  are 
monitored  by  on-line  instrumentation  for  flow,  "ead  loss  and  effluent 
turbidity.  The  head  loss  signal  is  used  to  automatically  initiate  the 
backwash  program,  which  is  resident  in  the  Filter  RTU  (Remote  Terminal 
Unit).  Upon  completion  of  a  backwash,  the  filter  is  automatically  re- 
turned to  service. 
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Chemical  feeders  are  controlled  manually  from  the  control  room.  Feed 
rates  are  preset  manually  at  the  feeders  and  applied  dosages  are  kept 
constant  by  automatic  proportional-to-flow  controllers. 

The  FPA  is  the  roving  operator  who  monitors  plant  operations,  collects 
manual  water  samples  for  analysis  in  the  laboratory,  does  taste  tests 
on  the  treated  water,  confirms  the  accuracy  of  on-line  monitors,  re- 
ceives chemicals,  and  makes  physical  changes  to  valves  and  equipment  to 
attain  the  desired  operating  mode  established  by  the  FPO. 

2.6       Process  and  Quality  Control 

Process  and  quality  control  is  the  responsibility  of  the  FPO  who  main- 
tains hourly  records  of  flows,  chemical  consumption  and  results  of 
quality  control  testing.  Analytical  testing  and  water  examination  for 
biological  and  bacteriological  parameters  are  carried  out  in  the  plant 
laboratory.  The  laboratory  is  staffed  by  the  chief  chemist,  a  chemist 
and  two  chemist  assistants. 

3.0       PLANT  PERFORMANCE 

3  . 1       Particulate  Removal 

Treatment  plant  performance  with  regard  to  particulate  removal  during 
the  three-year  study  period  was  found  to  be  very  good.  For  instance, 
the  average  monthly  turbidity  levels  in  the  treated  water  ranged  from 
0.17  to  0.25  FTU  in  1986,  0.15  to  0.34  FTU  in  1985  and  0.17  to  0.34  FTU 
in  1984.  The  yearly  average  values  for  the  three  respective  years  were 
0.20,  0.26  and  0.24  FTU. 

The  removal  of  turbidity  on  a  daily  basis  was  also  found  to  be  very 
good.  For  the  three-year  record,  the  daily  average  turbidity  in  the 
treated  water  was  in  the  order  of  0.20  FTU  and  the  minimum  and  maximum 
values  recorded  were  0.10  and  0.44  FTU  respectively.  The  highest 
quality  water  was  produced  during  January  1985  for  which  the  average 
effluent  turbidity  was  0.15  FTU  and  the  lowest  daily  average  was 
0.10  FTU. 
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Our  review  of  plant  performance  during  periods  of  high  raw  water  tur- 
bidity revealed  that: 

i)  settling  tank  performance  was  unsatisfactory,  especially  with  high 
flow  rates; 

ii)  in  spite  of  poor  settling  tank  performance,  filter  effluent  tur- 
tiiw-i  +  ies  were  low  for  the  entire  duration  of  adverse  raw  water 
quality  conditions  -  daily  averages  ranged  from  0.12  to  0.38  FTU 
and  the  overall  average  was  0.25  FTU; 

iii)  at  no  time  was  the  Ontario  drinking  water  objective  for  turbidity 
of  1.0  NTU  exceeded  in  the  plant  output. 

The  reason  for  the  poor  performance  of  the  settling  basins  can  be 
attributed  to  the  high  surface  overflow  rates  that  prevail,  which  for 
the  design  flow  rate  (454,600  m^/d)  is  2.43  m/h  and  for  the  rated  plant 
capacity  (659,000  mVd)  is  3.52  m/h. 

However,  as  previously  indicated,  raw  water  turbidity  is  relatively  low 
all  the  time,  in  which  case  the  performance  of  sedimentation  basins  is 
of  lesser  importance  since  turbidity  removal  is  achieved  by  the 
filters . 

A  jar  test  was  performed  on  a  raw  water  sample  collected  from  the  plant 
on  August  31,  1987.  Based  on  filter  effluent  quality,  the  optimum  alum 
dosage  was  determined  to  be  3.0  mg/L  which  agreed  with  the  dosage  that 
was  applied  fu^l-scale.  For  effective  settling  in  the  jar  a  dosage  of 
6.0  to  8.0  mg/L  alum  was  required.  For  this  higher  alum  dosage,  jar 
settling  velocity  results  were  used  to  project  a  maximum  sedimentation 
tank  overflow  rate  for  design  of  0.75  m/h. 

Filter  operations  were  hampered  by  summer  algae  densities  in  the  raw 
water,  especially  with  the  monomedium  sand  filters.  In  July  1985,  with 
an  average  algae  count  of  1205  A.S.U.  per  mL  in  the  raw  water  (range 
533  to  2015  A.S.U.  per  mL),  single  medium  sand  filters  were  backwashed 
up  to  120  times  per  day  and  the  monthly  average  filter  run  time  was  3.3 
hours.    The  two  dual  media  filters,   installed  under  the  original 
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contract  for  testing  purposes,  achieved  an  average  filter  run  of 
13  hours.  The  wash  water  consumption  for  this  period  was  11.5%  of  the 
amount  of  water  filtered.  At  this  high  rate  of  wash  water  consumption 
there  was  a  significant  impact  on  the  production  capacity  of  the 
plant . 

Following  the  conversion  of  all  filters  to  dual  media  in  October  1986, 
immediate  benefits  were  realized  in  the  form  of  longer  filter  runs  and 
a  lower  consumption  of  filter  backwash  water.  In  July  1987,  with 
maximum  levels  of  algae  in  the  raw  water,  the  minimum  filter  run  cycle 
time  achieved  was  24  hours. 

3.2      Disinfection 

Prechlorination  was  practiced  at  an  average  dosage  of  about  1.03  mg/L 
free  chlorine  which  resulted  in  an  average  free  chlorine  residual  after 
the  filters  of  0.24  mg/L  over  the  entire  study  period.  The  chlorine 
contact  time  at  the  design  flow  rate  is  4.4  hours. 

The  total  chlorine  residual  is  monitored  in  the  plant  output  by  an  on- 
line automatic  analyzer.  The  operational  record  showed  that  the 
average  total  chlorine  residuals  for  1984  and  1986  were  0.72,  0.74  and 
0.73  mg/L  respectively;  while  the  range  for  the  three-year  period  was 
0.64  to  0.77  mg/L.  The  contact  time  in  the  clear  well  at  the  design 
flow  rate  is  1.8  hours.  An  additional  but  variable  amount  of  contact 
time  is  provided  by  the  reservoir. 

In  the  post-treatment  mode  superchlorination  is  used  when  the  raw  water 
is  suspect  of  being  highly  contaminated  with  microorganisms,  or  when 
taste  and  odour  is  present.  Dechlorination  is  achieved  by  the  addition 
of  sulphur  dioxide  to  maintain  a  free  chlorine  residual  of  0.5  to 
0.7  mg/L. 

Based  on  the  bacteriological  test  results  for  raw  and  treated  water,  it 
was  concluded  that  the  disinfection  practice  at  the  R.L.  Clark  Filtra-, 
tion  Plant  was  very  efficient  and  that  no  immediate  improvements  need 
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to  be  made  to  the  process.  A  downward  adjustment  of  the  high  raw  water 
pH  during  the  summer  could  be  considered  to  improve  the  efficiency  of 
disinfection . 

3 .3  Taste  and  Odour  Control 

Filtered  water  and  plant  output  are  tested  hourly  for  taste  charac- 
teristics. Superchlorination  is  used  tc  wC.'.trol  chlorophenol  tastes 
whereas  the  postchlorine  dosage  is  adjusted  in  case  of  the  presence  of 
earthy,  foul  or  weedy  tastes.  The  practice  has  been  found  very  suc- 
cessful in  controlling  tastes,  although  an  increase  in  tastes  has  been 
experienced  in  the   distribution  system. 

3.4  Fluoridation 

The  treated  water  is  fluoridated  using  hydrof luosi 1 icic  acid  to  main- 
ta'in  a  fluoride  residual  of  1.2  mg/L  in  the  plant  output.  This 
objective  has  been  met  in  1985  and  1985,  and,  on  an  average  basis,  also 
in  1984. 

3 .  5      Aluminum  in  Treated  Water 

The  average  dissolved  aluminum  content  in  the  treated  water  during  the 
three-year  study  period  was  0.097  mg/L  and  ranged  from  0.038  to 
0.196  mg/L.  For  the  same  period,  the  treated  water  pH  had  an  average 
value  of  7.45  units  and  the  range  was  7.3  to  7.5  units. 

The  aluminum  residuals  in  the  plant  output  were  in  general  quite  low 
and,  on  average,  are  less  than  the  equilibrium  value  of  0.13  mg/L 
theoretically  attainable  at  pH  of  7.4. 

3.5  Stabil ity  of  Water 

On  the  basis  of  the  Langelier  Saturation  Index  it  was  determined  that 
the  water  is  slightly  aggressive  after  treatment. 
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4.0  RECOMMENDATIONS 

4 . 1  Physical  Improvements 

1.  Replace  the  existing  common  alum  diffuser  by  individual  diffusers 
to  be  located  in  the  first  cell  of  each  of  the  three  rapid  mix 
tanks  as  per  the  original  design. 

2.  Install  motorized  ramping-type  valve  operators  on  all  filter  rate 
control lers . 

4.2  Studies 

1.  Establish  the  degree  of  corrosiveness  of  the  treated  water  and 
determine  whether  corrective  measures  need  to  be  implemented. 

2.'  Establish  the  merits  of  using  a  Streaming  Current  Detector  for 
continuous  monitoring  and  control  of  the  optimum  coagulant 
dosage. 

3.  Investigate  the  benefits  of  using  a  cationic  polyelectrolyte  as  a 
flocculant  aid  to  improve  the  performance  of  the  sedimentation 
basins. 

4.  Investigate  the  benefits  of  using  a  nonionic  polyelectrolyte  as  a 
filter  aid,  in  addition  to  or  as  an  alternative  to  the  flocculant 
aid,  to  improve  the  efficiency  of  the  filters. 

5.  Carry  out  studies  to  establish  the  feasibility  and  effectiveness 
of  preconditioning  a  filter  during  the  backwash  using  various  pre- 
conditioning chemicals  such  as  alum  or  a  nonionic  polymer,  to  re- 
duce the  level  and  duration  of  the  initial  high  start-up  turbidity 
during  the  filter  ripening  period. 

5.  Investigate  filtering  to  drain  using  the  manually  controlled  fil- 
ter drain  pipe  in  order  to  reduce  filter  effluent  turbidity, 
during  the  ripening  period  following  start-up. 
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7.  Upon  filter  start-up,  investigate  the  feasibility  of  increasing 
filter  rate  slowly,  at  a  controlled  rate,  over  a  20  to  30  minute 
period.  This  operating  procedure  is  an  alternative  to  filtering 
to  drain  and  is  aimed  at  improving  the  performance  of  a  filter 
during  the  initial  start-up  period. 
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Long-term  Modifications 


1.  Investigate  increasing  the  capacity  of  the  sedimentation  basins  by 
the  installation  of  high  rate  settling  tubes  or  parallel  plate 
settlers . 
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SECTION  A  -  INTRODUCTION,  TERMS  OF  REFERENCE  AND  RAW  WATER  SOURCE 

A.l  BACKGROUND 

The  Ontario  Ministry  of  the  Environment  has  instituted  a  Drinking  Water 
Surveillance  Program.  The  Program  began  on  April  1,  1985  and  encom- 
passes all  municipal  water  supplies  in  Ontario.  The  primary  objectives 
of  the  DWSP  for  Ontario  are  to  establish  a  reliable  database  on  water 
quality  which  will  encompass  a  wide  range  of  parameters,  including 
pesticides  and  organic  compounds,  and  to  maintain  information  current 
by  continuously  updating  the  database.  In  connection  with  the  DWSP,  a 
plant  investigation  and  process  evaluation  study  is  initiated  for  each 
plant  entering  the  program.  A  major  goal  of  the  study  is  to  document 
information  on  the  plant's  process  design  and  operations,  and  to  deter- 
mine an  optimum  treatment  strategy  for  contaminant  removal  at  the 
plant.  It  is  intended  to  update  the  study  on  an  annual  basis  in  order 
to' maintain  the  database  current.  The  information  from  these  studies 
will  allow  valid  water  quality  data  to  be  collected.  The  results  will 
further  identify  potential  problem  areas,  serve  as  the  basis  for 
remedial  action,  and  provide  a  framework,  for  defining  contaminant 
levels  and  trends. 

A. 2  TERMS  OF  REFERENCE 

A  detailed  protocol  for  the  Water  Plant  Optimization  Study  has  been 
prepared  by  the  Ministry  for  use  by  the  consultants  engaged  for  the 
optimization  studies.  This  study  of  the  Toronto  -  R.L.  Clark  Water 
Treatment  Plant  has  been  conducted  in  accordance  with  the  protocol. 
The  main  objective  of  the  plant  investigation  and  process  evaluation 
study  is: 

"To  review  the  present  conditions  and  determine  an  optimum 
strategy  for  contaminant  removal  at  the  plant  ,  with  emphasis  on 
particulate  materials   and  disinfection  processes ." 

To  meet  this  objective.  Terms  of  Reference  were  prepared  by  the 
Ministry  (and  later  re-issued  as  Rev.  1  on  06/04/87)  consisting  of 
eight  specific  work  tasks  which  require  the  consultant  to  examine,  in 
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detail,  three  years  of  daily  and  monthly  operating  data,  to  prepare  a 
comprehensive  assessment  of  plant  operations  and  the  level  of  perfor- 
mance achieved,  and  to  provide  recommendations  for  short  and  long  term 
modifications  in  order  to  obtain  optimum  disinfection  and  contaminant 
removal.  The  complete  revised  Terms  of  Reference  are  included  at  the 
end  of  this  report  as  Appendix  D. 

As  a  supplement  to  the  Water  Plant  Optimization  Study,  the  consul uan^ 
was  commissioned  to  prepare  a  separate  report  on  the  handling  and 
disposal  of  wastewaters  generated  at  the  plant. 

A. 3      RAW  WATER  SOURCE 

a)  Source 

The  R.L.  Clark  Filtration  Plant  in  Metropolitan  Toronto  is  located  on 
Lake  Ontario  in  the  City  of  Etobicoke.  It  is  one  of  four  filtration 
plants  serving  Metropolitan  Toronto  and  the  southern  most  populated 
area  of  The  Regional  Municipality  of  York.  Water  is  drawn  from  the 
lake  via  a  3275  mm  diameter  concrete-lined  tunnel  extending  some  1615  m 
into  the  lake.  The  bell  mouth  intake,  constructed  of  fabricated  steel, 
is  located  in  18  m  of  water  and  has  a  minimum  depth  of  submergence  of 
11.6  m. 

b)  Qual ity 

Lake  Ontario  water  in  the  region  of  the  R.L.  Clark  Filtration  Plant 
intake  is  generally  of  good  quality.  Extensive  records  are  being  kept 
by  the  plant  staff.  Those  for  the  period  1984  to  1986  are  presented  in 
the  protocol  tables  for  the  Optimization  Study  attached  to  the  end  of 
this  report.  A  summary  of  the  data  for  several  parameters  is  presented 
in  Table  A.l  to  express  general  water  quality  conditions.  A  more 
detailed  discussion  of  various  water  quality  parameters  follows. 

Physical  Parameters 

Turbidity:  The  average  monthly  turbidity  varied  from  a  low  of  about 
1.0  FTU  to  a  high  of  about  14  FTU.   Greater  fluctuations  occurred  in 


TABLE  A.l 

LAKE  ONTARIO  RAW  WATER  QUALITY  CHARACTERISTICS 
AT  THE  R.L.  CLARK  FILTRATION  PLANT 


3-Year  Summary,  1984  to  1986 


Turbidity,  FTU 
Colour,  TCU 
pH,  Units 
Temperature,  °C 
Alkalinity  as  CaCOj ,  mg/L 
Hardness  as  CaCOj ,  mg/L 
Free  Ammonia  as  N,  mg/L 
Standard  Plate  Count,  per  mL 
Total  Coliform,  (MF)  per  100  mL 
Fecal  Coliform,  (MF)  per  100  mL 
Algae,  A.S.U.  per  mL 


Range 
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Average 

0. 

2C 
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30 

1.7 

1 
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7. 

7 

- 

8.6 

8.2 

2. 

0 

- 

24.0 

7.3 

86 

- 

95 

90 

131 

- 
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134 

0 

- 

0.139 

0.022 

0 

-14, 

,600 

104 

0 

-  7, 

,300 

175 

0 

-  1, 

,018 

17 

0 

-  2, 

.015 

316 
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daily  values  which  varied  from  0.2  FTU  to  30  FTU.  The  overall  average 
for  the  three-year  record  was  1.7  FTU.  The  higher  values  of  turbidity 
generally  occurred  during  the  period  November  through  April. 

Colour:  Colour  is  a  measure  of  the  clarity  of  the  water.  At  the  Clark 
intake,  lake  water  colour  was  relatively  constant.  The  data  record 
indicates  that  raw  water  colour  varied  from  1  to  8  TCU,  and  that  the 
monthly  average  was  generally  between  3  and  5  TCU. 

Temperature  :  Raw  water  temperature  was  measured  continuously  in  the 
intake  well  of  the  treatment  plant.  Average  monthly  temperatures  were 
less  than  10°C  except  for  July  through  October  when  the  average  temp- 
erature was  15.7°C.  During  the  year,  daily  extreme  values  of  2°C  to 
24°C  have  been  observed.  The  yearly  average  temperature  was  in  the 
order  of  7  to  8°C. 

Taste  and  Odour:  Taste  and  odour  tests  were  performed  hourly  on  fil- 
tered water  and  the  plant  output.  No  tests  were  done  on  the  raw  water. 
Taste  problems  that  occurred  related  to  either  the  presence  of  chlor- 
ophenols  in  the  raw  water  or  algae.  During  the  study  period  no 
positive  results  have  been  reported  for  either  filtered  or  output 
water . 

Chemical  Parameters 

pH  Value:  The  average  monthly  raw  water  pH  generally  was  above  8.0 
units  and  ranged  from  7.9  to  8.4  units.  Daily  extreme  values  of  7.7 
and  8.6  units  have  been  observed.  The  greatest  fluctuations  occurred 
during  the  algae  growing  season  from  May  to  November. 

Alkal inity :  Total  raw  water  alkalinity  was  relatively  constant  and 
varied  from  85  to  95  mg/L  as  CaC03 .  The  monthly  average  alkalinity 
value  for  the  study  period  was  90  mg/L. 

Hardness  :  The  monthly  average  raw  water  hardness  was  established  as 
134  mg/L  as  CaC03 .  Little  variation  was  observed  in  this  value  which 
ranged  from  131  to  137  mg/L.  At  this  level  of  hardness  the  water  may 
be  classified  as  being  moderately  hard. 
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Free  Ammonia:  Since  free  ammonia  is  indicative  of  organic  pollution, 
the  parameter  is  used  by  the  plant  as  a  primary  indicator  for  initi- 
ating superchlorination  treatment.  For  this  reason,  raw  water  was 
sampled  every  two  hours  and  analyzed  for  free  ammonia.  Monthly  average 
values  observed  varied  from  0.003  to  0.054  mg/L  as  N.  Recorded  daily 
maximum  and  minimum  values  of  free  ammonia  were  0.139  mg/L  as  N  and 
zero;  whereas  the  highest  value  recorded  for  an  individual  test  was 
0.320  mg/L  as  N. 

The  level  of  free  ammonia  in  the  raw  water  at  which  superchlorination 
is  started  is  0.02  mg/L  as  N. 

Microbiological  Parameters 

(i)       Bacteriological  Water  Quality 

Bacteriological  water  quality  data  indicate  that  the  source  water  was 
polluted  and  that  contamination  was  of  fecal  origin.  The  degree  of 
pollution  varied  over  the  year  and  tended  to  be  lower  during  the  summer 
than  during  the  winter.  For  May  to  August  the  average  monthly  total 
coliform  densities  were  less  than  100  organisms  per  100  mL  and  fecal 
coliform  levels  were  less  than  10  per  100  mL .  However,  bacterial 
contamination  was  present  all  the  time  even  though  there  were  occasions 
during  May,  June  and  July  when  the  fecal  coliform  group  test  results 
were  zero.  Bacterial  densities  were  found  to  be  typically  higher 
during  the  winter  months.  This  may  have  been  due  to  the  influence  of 
sewage  treatment  plant  outfalls  which  were  not  chlorinated  during  that 
time . 

As  a  result  of  these  findings  the  Ministry  of  the  Environment,  Central 
Region,  issued  a  directive  in  March  1988  to  the  Municipality  of 
Metropolitan  Toronto  stating  that: 

"Commencing  April  1,  1988  you  are  to  maintain  year  round  disin- 
fection of  plant  effluents  discharging  to  Lake  Ontario". 

Normally  twenty-three  raw  water  samples  per  week  were  analyzed  for 
bacteriological  quality  which  included  standard  plate  count,  total  and 
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fecal  coliform  and  fecal  streptococcus  organisms.  A  condensed  summary 
of  the  bacterial  test  results  obtained  for  1984  to  1985  is  given 
below. 

Standard  Plate  Count:  The  average  monthly  standard  plate  count  for 
1984  to  1985  was  104  organisms  per  mL .  This  is  a  relatively  low  count 
which  was  found  to  vary  over  the  year  from  9  to  577  per  mL .  Based  on 
daily  averages,  a  maximum  of  14,500  per  mL  was  measured  during  the 
3-year  period;  while  the  maximum  count  recorded  for  an  individual  grab 
sample  was  40,000  per  mL. 

Total  Coliform:  The  range  in  daily  average  total  coliform  counts 
observed  during  the  study  period  was  from  zero  to  7,300  per  100  mL; 
while  the  monthly  average  for  May  to  September  was  in  the  order  of  30 
organisms  per  100  mL  and  for  October  to  April  it  was  about  280  mL . 

Fecal  Col  if orm:  Fecal  coliform  organisms,  which  are  indicative  of 
sewage  pollution,  numbered  (monthly  average)  about  3  organisms  per  100 
mL  of  raw  water  sample  for  May  to  September  and  about  27  per  100  mL  for 
October  to  April.  A  daily  average  variation  from  zero  to  1018  counts 
per  100  mL  was  observed;  while  the  highest  number  recorded  for  an 
individual  test  was  2000  per  100  mL. 

Fecal  Streptococcus:  Test  results  for  fecal  streptococcus  in  the  raw 
water  were  normally  zero.  Results  for  individual  tests  were  found  to 
range  from  zero  to  4  organisms  per  mL  of  raw  water  sample. 

( i  i )      Nuisance  Organisms  (Algae) 

One  raw  water  sample  per  week  was  analyzed  in  the  plant  laboratory  for 
algae  organisms  and  enumerated  by  species. 

Monthly  average  counts  of  algae  observed  ranged  from  6  to  1205  A.S.U. 
per  mL;  whereas  the  monthly  average  for  the  three-year  record  was  found 
to  be  316  A.S.U.  per  mL .  On  a  daily  basis  the  maximum  algae  count  was 
2015  A.S.U.   per  mL ;  this  was  recorded  in  July  1985. 
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Dominant  algae  species  include  Asterionel la ,  Fragilaria,  Melosira, 
Microspora,  Osci 1 latoria,  Stephanodiscus ,  and  Tabellaria.  These 
species  are  filter  clogging  and  when  present  in  large  numbers,  have  a 
significant  impact  on  the  operation  of  the  monomedium  as  well  as  the 
dual  media  filters. 
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SECTION  B  -  FLOW  MEASUREMENT 

B.l      METHOD  OF  MEASURING  FLOWS 

Flows  are  measured  for: 

raw  water  -  1)  the  raw  water  pump  discharge 

2)  flow  to  the  pretreatment  modules 
filter  effluent  -  each  individual  filter 
filter  backwash  water  -  1)  backwash  water  pump  discharge 

2)  flow  to/from  the  wash  water  tanks 
filter  surface  wash 
service  water 

plant  output  -  1)  treated  water  pump  discharge  in  common  header  to 
District  IE  and  to  District  IW 
2)  treated  water  pump  discharge  in  common  header  to 
District  2. 

The  primary  flow  element  for  each  meter  is  a  short  form  Venturi  tube 
except  for  plant  output  meters  which  are  long  form  Venturi  tubes  and 
filter  surface  wash  and  service  water  meters  which  are  propeller  type 

meters  . 

Table  B.l  lists  information  on  existing  flow  meters  and  associated 
instrumentation.  The  sizes  and  capacities  of  the  various  flow  meters 
are  also  given. 

All  Venturi  tube  flow  meters  are  fitted  with  differential  pressure 
transmitters  which  supply  the  linear  flow  signal  to  locally  and 
remotely  mounted  indicatoi — totalizers  and  recorders  as  listed  in  Table 
B.l. 

Individual  raw  water  pump  discharge  flow  signals  are  summated  at  the 
main  control  panel.   A  totalizer  and  recorder  monitor  summated  flow. 

Additional  raw  water  flow  meters  are  provided  on  each  of  the  three 
distribution  pipes  to  the  pretreatment  basins.  Individual  flow  signals 
are  summated  at  the  main  control  panel.  A  totalizer  and  indicatoi — 
recorder  are  provided  to  monitor  flow. 
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Recorders  are  compact  30-day  strip  chart  recorders  except  those  for  the 
revenue  meters  which  consist  of  3-300  mm  dia.  chart  recorders. 

Filter  backwash  water  flow  is  measured  by  one  uni-directional  flow 
meter  installed  on  the  common  discharge  header  from  the  pumps,  and  one 
bi-directional  meter  installed  on  -the  riser  pipe  to  the  elevated  wash 
water  tanks.  A  simple  analogue  computer  is  provided  to  calculate  the 
net  wash  wate»*  *'''>w  used  for  backwash  purposes.  A  totalizer  and 
indicator-recorder  are  mounted  at  the  main  control  panel. 

The  flow  to  the  filter  surface  wash  equipment  is  monitored  via  a  pro- 
peller meter  with  totalizing  register.  Service  water,  for  other 
in-plant  water  usage,  is  similarly  monitored. 

The  treated  water  flows,  or  plant  output,  are  measured  in  each  of  the 
two  discharge  lines  to  District  1  and  in  each  of  the  two  discharge 
lines  to  District  2.  Flow  is  monitored  at  the  main  control  panel  with 
individual  totalizer,  indicator-recorders.  Flow  signals  are  also 
transmitted  to  three  circular  chart  recorders  (one  for  District  IW,  one 
for  District  2E  and  one  for  District  2W)  located  behind  the  main  con- 
trol panel.  These  large  diameter  (300  mm)  circular  chart  recorders 
provide  for  increased  accuracy  in  interpolating  measured  flow.  The 
meters  are  known  as  the  revenue  meters  and  are  used  for  billing 
purposes . 

B.2      ACCURACY  OF  FLOW  MEASUREMENTS 

Flow  meter  accuracy  has  been  assured  by  the  use  of  Venturi  tube  primary 
flow  elements  which  have  a  specified  accuracy  of  one-half  of  one  per 
cent  at  mid-range  of  actual  flow  and  one  per  cent  at  the  extremeties  of 
the  flow  range. 

Transmitting  instruments  and  totalizers  are  generally  subject  to  addi- 
tional error.  Transmitters  at  the  plant  have  a  specified  accuracy  of 
one-half  of  one  per  cent  of,  actual  differential  pressure.  The 
specified  accuracy  for  totalizers  is  one  per  cent. 
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Using  the  above  specifications,  the  system  accuracy  can  be  estimated. 
Two  methods  are  normally  used  for  estimating  system  accuracy  -  the 
least  and  root-square  accuracy.  The  former  is  very  conservative  and  is 
based  on  the  assumption  that  the  inaccuracy  of  each  component  is  addi- 
tive. The  latter  is  less  conservative  and  is  based  on  the  assumption 
that  it  is  not  probable  that  all  components  will  have  the  greatest 
static  error  at  the  same  point  at  the  same  time.  Thus  the  maximum 
error  is  derived  from  the  square  root  of  the  sum  of  the  squares  of 
individual  components  inaccuracies. 

Based  on  these  established  procedures,  the  estimated  system  accuracy 
for  multiple  meters  with  summated  flow  signals  at  the  Clark  plant  would 
be: 

least  accuracy:       ±3.0% 
root  square  accuracy:  ±1.6% 

It  should  be  noted,  however,  that  there  is  no  proven  basis  for  evalu- 
ating the  accumulative  effect  of  component  accuracies,  and  only  an 
actual  system  calibration  can  reliably  establish  the  total  inaccuracy. 

In  reviewing  the  plant  flow  data,  it  was  observed  that  raw  water  flow 
in  1986  exceeded  treated  water  flow  (plant  output)  by  the  following: 

range:      •   5.3  to  7.5%  January  to  April  and  October  to 
December 
•  7.0  to  8.5%  May  to  September 
average:    -6.9% 

In  comparing  1986  raw  water  flow  with  filtered  water  flow  it  will  be 
evident  that  raw  water  flow  exceeded  filtered  water  flow  by  the 
following  amounts: 

range:      •  0.5  to  3.6% 
average:    •  1.5% 


B-4 


The  net  difference  between  filtered  water  flow  and  treated  water  flow, 
therefore,  was  5.4%  for  1986.   This  difference  is  accounted  for  by: 

filter  backwash  water:     3.1  to  6.8%  range 

4.5%       average 
filter  surface  wash:       0.01%      average 

plant  service  water:       0  .06% (estim.  ) 

total  (approx.)  4.7% 

The  above  figures  indicate  that  the  average  amount  of  water  used  for 
filter  cleaning  and  plant  service  water  usage,  amounting  to  4.7%  of  the 
total  filtered  water,  accounts  for  most  of  the  difference  in  the 
filtered  water  and  treated  water  flow  readings. 

The  above  analysis  leads  to  the  conclusion  that  plant  flow  meters  are 
relatively  accurate.  Instruments  are  calibrated  monthly  under  the 
preventative  maintenance  schedule,  and  more  frequently  if  required. 


SECTION  C 
PROCESS  COMPONENTS 
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SECTION  C  -  PROCESS  COMPONENTS 

C.l      GENERAL 

The  Metropolitan  Toronto  R.L.  Clark  Filtration  Plant,  constructed  from 
1952  to  1968,  was  designed  for  a  capacity  of  454,600  m^/d  with  a  50% 
overload  capability  for  681,900  m^/d.  Provisions  were  made  for  a 
two-stage  expansion  to  increase  the  ultimate  capacity  of  the  plant  to 
1,363,800  m^/d  design  flow  and  2,045,700  m^/d  maximum  hydraulic  flow. 

The  Block  Flow  Diagram  in  Figure  C.l  illustrates  the  treatment 
facilities  that  are  provided. 

The  plant  design  uses  the  conventional  treatment  process  consisting  of 
rapid  mixing,  two-stage  f locculation ,  sedimentation  and  gravity  rapid 
sand  filtration.  Raw  water  screens  are  included  to  screen  the  raw 
water  prior  to  raw  water  pumping.  In  1985  the  original  sand  filters 
were  changed  to  dual  media,  high  rate  filters,  thereby  increasing  the 
rated  capacity  of  the  plant  to  659,000  m^/d  for  periods  with  good  raw 
water  qual ity . 

The  filter  building  has  18  filters,  9  on  each  side  of  a  central  filter 
and  pipe  gallery.  Individual  filters  are  divided  into  2  cells  by  a 
central  wash  water  gullet  and  contain  a  dual-flume  loading  conduit 
under  the  central  longitudinal  axis  of  the  filter  floor.  Filtered 
water  discharges  to  a  central  filtered  water  conduit  and  clear  well 
below  the  filters.  A  second  clear  well  for  the  Stage  2  expansion  was 
originally  constructed  and  currently  serves  as  the  treated  water 
reservoir . 

Raw  water  pumps  with  a  firm  station  capacity  of  513,500  m^/d  lift  the 
raw  water  to  the  raw  water  conduit  from  where  it  flows  by  gravity 
through  the  plant  and  reservoir  to  the  Treated  Water  Pumping  Station. 
Treated  water  pumping  equipment  is  available  to  serve  Pressure  District 
1  and  Pressure  District  2  of  the  distribution  system.  The  firm  station 
capacity  is  109,200  mVd  and  504,700  mVd  for  the  two  respective 
di  stricts . 
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Chemical  treatment  is  provided  in  the  form  of: 

prechlorination  of  the  raw  water 

alum  coagulation  to  aid  clarification  and  filtration 
postchlorination  for  disinfection 

superchlorination  for  the  control  of  increased  levels  of  bacteria 
and  taste  and  odour 

dechlori"=>*''on  using  sulphur  dioxide  to  reduce  residual  chlorine 
levels 

fluoridation  for  the  control  of  dental  caries 

ammoniation  to  maintain  a  long-lasting  residual  in  the  distri- 
bution system. 

C.2      DESIGN  DATA 

A  summary  of  the  design  data  and  relevant  plant  information  is  pre- 
sented in  Table  C.l.  The  Process  Design  Schematic  in  Figure  C.2  illus- 
trates the  relationship  of  process  components  and  provides  a  convenient 
overview  of  the  sizing  and  capacities  of  these  components. 

a)       Capacity 

The  plant  was  designed  for  an  initial  capacity  of  454,500  m^/d.  It  is 
based  on  a  modular  layout  suitable  for  a  2-stage  expansion  for  an 
ultimate  capacity  of  1,363,800  m^/d.  All  units  are  sized  for  a  50% 
overload  capability.  The  existing  maximum  hydraulic  capacity,  there- 
fore, is  581,900  m^/d  while  the  ultimate  hydraulic  capacity  will  be 
2,045,700  mVd. 

In  1985  the  original  rapid  sand  filters  were  changed  to  high  rate  dual 
media  filters.  This  permitted  an  increase  in  the  filter  rate  and  the 
new  rated  capacity  of  the  plant  was  established  at  659,000  m- 'd . 

There  are  no  indications  from  the  available  operating  data  that  sea- 
sonal raw  water  quality  has  any  impact  on  the  new  rated  plant 
capacity. 
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b)       Capacity  Limitations 

The  rated  plant  capacity  of  659,000  m^/d  is  not  limited  by  any  equip- 
ment or  process  units  except  for  the  sedimentation  basins.  At  the  new 
rated  capacity  the  sedimentation  basins  are  hydraul ical ly  overloaded 
and  act  as  chemical  contact  and  roughing  basins  to  remove  the  coarser 
particulate  matter.  In  view  of  the  low  raw  water  turbidities  that 
prevail,  this  has  not  affected  plant  throughput  capacity.  Higher  raw 
water  turbidities  occur  when  the  demand  is  substantially  lower  than 
maximum.  At  the  lower  flow  rates  performance  is  obviously  better  and 
no  problems  with  solids  loadings  to  the  filter  have  been  experienced. 
During  the  peak  demand  periods  algae  is  present  in  significant  numbers 
(as  high  as  2015  A.S.U.  per  mL  in  July,  1985.  Although  filter  runs 
were  quite  short  in  the  summers  of  1985  and  1986  with  the  single  medium 
sand  filters,  a  similar  impact  on  the  dual  media  filters  was  not 
experienced  during  the  summer  of  1987. 

C.3      PROCESS  COMPONENT  INVENTORY 

a)  Intake 

The  intake  consists  of  a  3275  mm  dia.  concrete  lined  tunnel  constructed 
in  rock  about  30  m  below  the  lake  bed. 

The  intake  crib  consists  of  a  bell  mouth,  fabricated  in  steel.  It  is 
located  1615  m  offshore  in  18  m  of  water.  The  minimum  submergence  of 
the  bell  mouth  is  11.6  m  at  a  controlled  lake  level  of  74.2  m. 

The  intake  has  a  capacity  of  23.68  m^/s  (2,046,000  m^/d)  at  a  maximum 
drawdown  of  4.63  m.      The  volume  of  the  intake  is  about  14,000  m-' . 

A  surge  well  on  the  intake,  located  just  outside  the  raw  water  pumping 
station,  has  a  volume  of  about  3670  m^ . 

b)  Raw  Water  Screens 

Three  travelling  raw  water  screens  are  installed  each  measuring  1.5  m 
wide  by  10  m  high  (screen  room  floor  to  bottom  of  screen  well).   Space 
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is  available  for  the  installation  of  seven  future  screens.  Screens  are 
of  the  dual  flow  type  and  have  a  solid  bronze  wire  mesh  (2.7  mm  dia.) 
with  9.5  mm  clear  openings.  Other  parts  of  the  screen  are  made  of 
rigid  steel.   Screen  operation  is  manual  by  push-button  controls. 

An  air  bubbler  system  with  local  alarm  annunciator  monitors  the  level 
differential  in  the  screen  channel. 

Screens  are  only  operated  for  10  minutes  per  week.  Cleaning  is 
automatic  during  the  operation  of  the  screen  by  a  spray  water  system. 
Wastes  are  discharged  to  the  plant  drain. 

c)       Raw  Water  Pumping 

The  raw  water  pumping  station  has  space  for  ten  pumps;  four  were 
originally  installed  and  one  additional  pump  will  be  installed  in  1988. 
Pumps  are  of  the  horizontal,  double  suction,  centrifugal  type  with 
vertical  suction  and  side  discharge  ports.  Suction  is  taken  from  the 
raw  water  suction  well  below  the  pump  floor. 

The  capacity  of  the  raw  water  pumps  is  given  in  Table  C.2. 

Pump  controls  are  available  on  three  local  control  panels  and  on  the 
main  board  in  the  control  room.  Pumps  are  started  and  stopped  manually 
from  the  main  control  panel  based  on  the  water  level  in  the  treated 
water  reservoir. 

Automatic  pump  shut-off  is  provided  based  on  the  level  in  the  raw  water 
conduit. 

Pumps  are  arranged  for  "auto-stop-check"  control  by  starting-up  and 
shutting-down  against  motorized  butterfly  valves  on  their  respective 
discharge  headers.  Motorized  valves  are  also  used  for  trim  throttling 
of  pumps  during  start-up  to  reduce  the  incremental  flow  increase  and 
minimize  possible  upset  to  filters. 

The  installed  raw  water  pump  station  capacity  is  818,200  m^/d  (681,900 
m^/d  before  1987).   With  the  largest  pump  out-of-service .  the  firm 


TABLE  C.2 


RAW  WATER  PUMPS 


Rated  Capacity  Motor        Manufacturer 

Pump  No.     Flow     Head      Type      Rating  Pump 

L/s        m  kW  Motor 


1        future 

2  &  4       1578     9.45    centrifugal    187     Mather  &  Piatt 

Mather  &  Piatt 

3  &  5       2368     9.45    centrifugr.l    298     Cdn.  All  is  Chalmers 

Cdn.  General  Electric 

6    '     1578     13      centrifugal    258 


7  to  10     future 


Notes  : 

Installed  Capacity:   818,200  mVd 
Firm  Capacity:       613  600  m^/d 
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pumping  capacity  is  613,500  ni^/d  (477,300  m^/d  before  1987).  In  case 
of  a  power  failure  all  pumps  shut  down.  Standby  power  generation 
capacity  is  only  available  for  maintaining  sump  pumps,  instrumentation 
and  control  equipment  and  for  emergency  lighting. 


d) 


Rapid  Mixing 


Pretreatment  units  are  arranged  in  three  parallel  modules  (tanks),  each 
including  rapid  mixing,  flocculation  and  sedimentation  basins.  The 
flow  range  for  each  module  is: 


minimum 
average 
maximum 


31,800  mVd 
151,500  mVd 
227,300  mVd. 


The  rapid  mix  tank  is  divided  into  three  chambers  for  series  flow. 
Each  chamber  measures  3.66  m  by  3.66  m  by  5.49  m  high.  For  a  side 
water  depth  (SWD)  of  4.68  m  at  design  flow,  the  resulting  volume  per 
chamber  is  62.7  m^  or  188  m^  per  tank. 

Vertical,  flat-blade,  turbine  mixers  are  installed  in  Cells  1  and  2. 

Space  has  been  provided  for  the  future  installation  of  a  third  unit  in 

Cell  3.  Motors  have  a  rated  capacity  of  11.2  kW  and  operate  at  1750 
rpm.   The  mixer  shaft  speed  is  40  rpm. 

The  coagulant  solution  originally  was  added  in  the  first  cell  of  each 
tank  at  the  mixer.  However,  due  to  excessive  scaling  in  the  feed 
lines,  the  application  points  were  re-located  to  a  single  injection 
point  in  the  common  raw  water  supply  pipe  just  ahead  of  the  flow 
division  to  the  three  pre-treatment  modules. 


Process  design  parameters  vary  with  plant  flow  as  is  illustrated  in 
Table  C.3  following.  The  minimum  flow  shown  represents  the  average 
minimum  flow  rate  for  the  latter  half  of  1986.  Average  and  maximum 
yearly  flow  rates  are  represented  by  the  design  and  rated  plant 
capacity  flow  rates. 
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Coagulated  water  collects  in  a  distribution  conduit  below  the  rapid  mix 
tanks  and  is  introduced  into  the  flocculation  tanks  at  the  bottom 
through  four  inlet  ports.  The  conduit  measures  3.55  m  wide  by  1.52  m 
high  and  each  port  is  0.914  m.wide  by  0.914  m  high. 

e)       Flocculation 

Each  of  *^°  three  flocculation  tanks  is  divided  into  a  primary  cell  and 
a  secondary  cell  for  two  stage  tapered  mechanical  flocculation. 

Cell  dimensions  are: 

-    primary     13.5  mix  20.4  m  W  x  7.2  m  D 
secondary  :   20.1  mix  20.4  m  W  x  7.2  m  D 
The  SWD  at  the  design  flow  rate  is  5.55  m. 

Flocculating  mechanisms  consist  of  the  "walking  beam"  paddle-type 
flocculators  with  a  common  drive.  Those  in  the  primary  cells  contain 
two  shafts  with  two  sets  of  paddles  per  shaft  and  those  in  the  second- 
ary cells  contain  three  shafts  with  two  sets  of  paddles  per  shaft. 
Since  the  original  installation,  the  mechanism  in  the  primary  cell  of 
Tank  1  has  been  changed  to  two  vertical  turbine,  axial-flow  mixers. 
Motor  ratings  and  process  design  parameters  are  presented  in  Table  C.4. 
It  will  be  noted  that  the  turbine  mixers  achieve  a  mean  velocity  grad- 
ient of  55  s"^  while  the  walking  beam  flocculators  achieve  gradients  of 
45  s"'  in  the  primary  cell  and  25  s"'  in  the  secondary  cell.  Detention 
time  varies  with  flow  and  ranges  from  51.8  minutes  to  29.4  minutes  for 
minimum  and  maximum  flows.  At  the  design  flow  rate  the  detention  time 
is  42.7  minutes.  The  Gt  product  varies  with  detention  time  and  is 
1 isted  in  Table  C .4 . 

The  flocculation  tank  inlet  port  velocities  are: 

Plant  Flow,  m^/d  Inlet  Velocity .  m/s 

314,000  (minimum) 
454,600  (design) 
659,000  (rated) 

Flocculated  water  discharges  to  sedimentation  basins  through  six  inlet 
ports  measuring  0.914  m  wide  by  1.219  m  high  located  near  the  top  of 
the  tanks. 


0 

35 

0 

52 

0 

75 

Surface  Overflow 

Detention  T 

ime, 

h 

Rate,  m/h 

4.2 

1.68 

2.9 

2.43 

2.0 

3.52 
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f )       Sedimentation 

Sedimentation  tanks,  one  for  each  of  the  three  pretreatment  modules, 
each  measure  20.4  m  wide  by  127.4  m  long  by  7.2  m   high  and  have  an 
operating  side  water  depth  of  6.98  m  at  the  design  flow  rate.   The  tank 
volume  is  18,140  m^  and  the  resultant  detention  times  and  overflow 
rates  for  the  various  plant  flows  are  as  follows: 


Plant  Flow,  m^/d 

314,000  -  minimum 
454,600  -  design 
659,000  -  rated 


Velocities  through  inlet  ports  of  the  sedimentation  tanks  are  0.18  m/s, 
0.'26  m/s  and  0.38  m/s  for  the  minimum,  design  and  rated  flow  rates. 

The  sedimentation  tank  outlet  consists  of  six  ports,  each  measuring 
2.438  m  long  by  0.457  m  high.   The  port  invert  elevation  is  about  0.67 
m  below  the  top  water  level  at  the  design  flow  rate.  The  effluent 
discharges  into  the  settled  water  conduit  which  transfers  water  to  the 
filters.  The  dimensions  of  the  conduit  are  2.438  m  wide  by  4.877  m 
high.   At  the  design  flow  rate  the  operating  water  level  in  the  conduit 
i  s  about  4.0  m. 

Sedimentation  tanks  are  manually  cleaned.  Tank  3  included  a  sludge 
collecting  mechanism  of  the  drag  and  chain  type  which  has  been  removed. 
Three  longitudinal  collectors  each  approximately  91.5  m  long  by  6.1  m 
wide,  and  one  cross  collector  1.5  m  wide  were  installed. 

g)       Fi Iters 

The  plant  has  eighteen  dual-media,  gravity  filters.   They  are  arranged 
in  two  rows  of  nine  filters  with  central  pipe  and  filter  operating 
galleries.    Filters  operate  on  the  principle  of  constant  rate 
f i 1 trat  ion . 


TABLE  C.3 
RAPID  MIXING  PROCESS  DESIGN 

Detention 

Plant  Flow,  m^/d          Time,  min.  G  Value,  s'^       6t  Product 

314,000  (minimum)            1.7  300            30,600 

454,600  (design)             1.2  300            21,600 

659,000  (rated)             0.83  300            15,000 
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The  original  design  provided  for  sixteen  rapid  sand  filters  and  two 
dual-  media,  anthracite  and  sand  filters  (Filters  2  and  4)  at  a  design 
rate  of  5.42  m/h .  In  1985  all  sand  filters  were  replaced  with  dual- 
media  to  be  operated  at  a  loading  of  7.86  m/h.  This  new  filtration 
rate  established  the  rated  plant  capacity  of  659,000  m^/d  which  is 
nearly  equal  to  the  maximum  hydraulic  rating  of  681,900  m^/d. 

Filters  are  divided  into  two  compartments  by  a  central  wash  water  gul- 
let and  contain  a  dual-flume  loading  conduit  under  the  central  longi- 
tudinal axis  of  the  filter  floor.  This  results  in  long  and  narrow 
filter  compartments  measuring  5.79  m  wide  by  16.76  m  long.  Overall 
surface  dimensions  of  one  filter  are  13.21  m  wide  by  16.76  m  long.  The 
filter  box  is  4.88  m  deep.  The  wash  water  trough  weir  elevation  is 
2.74  m  above  the  floor  of  the  box. 

Each  filter  has  a  surface  area  of  194.2  m^  and  the  total  area  for 
eighteen  filters  is  3495.6  m^ . 

Underdrains  consist  of  cast  iron  laterals  except  for  one  filter  (Filter 
3)  which  is  equipped  with  Miller  Block.  Underdrains  are  covered  with 
five  layers  of  graded  gravel  ranging  in  size  from  50  mm  to  1.2  mm  with 
a  total  depth  of  460  mm.  The  existing  filter  media  have  the  following 
characteristics  : 

Media       Depth        E  . S . ,  mm        U.C. 


anthracite 

460 

1 

.05 

to 

1, 

.15 

1 

.4 

sand 

300 

0, 

.40 

to 

0 

.45 

1 

.4 

Filter  valves  and  piping  include: 

914  mm  dia.  motorized  butterfly  inlet  valve 

1372  mm  dia.  motorized  butterfly  main  drain  valve 

508  mm  dia.  effluent  pipe  with  motorized  butterfly  effluent 
valve 

406  mm  dia.  motorized  butterfly  rate  control  valve 

200  mm  dia.  filter  drain  with  manually  operated  gate  valve. 

Each  filter  effluent  pipe  includes  a  508  mm  dia.   Venturi  tube  flow 
meter/  control  1er. 
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Filters  are  equipped  with  six  5.33  m  diameter  rotary,  straight  arm, 
surface  agitators.  Backwash  facilities  are  available  capable  of  a 
design  wash  water  rise  rate  of  510  mm  per  minute  (equivalent  to  36.5 
m/h)  at  a  design  head  of  16.8  m.  For  an  actual  head  of  7  to  8  m,  the 
maximum  rise  rate  achieved  is  914  mm  or  55  m/h. 

Wash  Water  System 

The  treated  water  pumping  station  includes  three  horizontal,  double 
suction,  centrifugal  pumps  by  Mather  &  Piatt,  driven  by  electric  induc- 
tion motors  manufactured  by  Cdn.  General  Electric.  Space  is  available 
for  one  additional  pump.  Each  pump  has  a  capacity  of  632  L/s  at  a  total 
head  of  16.8  m.  The  motor  rating  is  131  kW. 

Pumps  deliver  water  to  a  two  compartment  wash  water  storage  tank 
located  on  the  roof  of  the  filter  building.  The  storage  capacity  is  730 
m^' and  tank  dimensions  are  6.4  m  by  47.1  m  by  3.0  m  high.  Flow  to  the 
filters  can  be  supplied  from  the  pumps,  the  wash  water  tank,  or  both 
through  a  914  mm  diameter  wash  water  header  equipped  with  motorized 
valves  and  Venturi  tube  flow  meters. 

Filter  Instrumentation 

Filter  instrumentation  equipment  includes  the  following: 

microprocessor-based   process   controller,   Filter   RTU   (remote 
terminal  unit) 
-    settled  water  conduit  water  level  measurement 
level  process  controller  in  control  room 
individual  filter  consoles 

individual  filter  controllers,  C-M-A  (computei — manual-automatic) 
controllers  locally  mounted  with  three  operating  modes  - 
computer-auto-manual 

filter  rate  measurement  with  transmitter  to  computer  and  filter 
rate  control lers 

turbidity  measurement  in  filter  effluent  with  signal  transmission 
to  process  controller 

filter  head  loss  measurement  with  signal  transmission  to  computer 
and  control  panel 
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turbidity  measurement  in  filter  backwash  water  with  transmission 

to  process  controller 

program  for  automatic  backwashing  of  filters  based  on  either 

filter  head  loss  or  effluent  turbidity 

controllers  for  all  motorized  valves  and  for  starting  and  stopping 

the  backwash  pumps 

wash  water  tank  level  measurement 

wash  water  flow  measurement. 

Clear  Well 

A  clear  well  below  the  filters  measures  47.0  m  wide  by  125.7  m  long  by 
5.6  m  high.  The  clear  well  has  a  fixed  storage  capacity  of  33,700  m^ 
and  a  detention  time  of  1.78  h  at  the  design  flow  rate. 

Reservoir 

A  second  clear  well  of  equal  capacity  to  the  first  has  been  provided 
for  the  Stage  2  filters.  This  basin  currently  serves  as  the  treated 
water  reservoir  by  supplying  water  through  a  bottom  discharge  to  the 
treated  water  suction  conduit. 

h)       Treated  Water  Pumping 

The  pumping  station  has  space  for  ten  treated  water  pumps  -  four  on 
District  1  and  six  on  District  2.  Three  pumps  are  installed  on 
District  1  and  five  on  District  2  with  a  sixth  pump  being  installed  in 
1987.  All  pumps  are  of  the  horizontal,  double  suction,  centrifugal 
type  with  vertical  suction  and  vertical  discharge  ports.  Suction  is 
taken  from  the  treated  water  suction  well  below  the  pump  piping  floor. 
Pump  capacities  and  motor  ratings  are  tabulated  in  Table  C.5. 

The  installed  treated  water  pumping  capacity  is  as  follows: 
District  1   :   177,500  mVd 
District  2   :   735,900  mVd  (613,900  mVd  before  1987). 
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TABLE  C.5 


TREATED  WATER  PUMPS 


Rated  Capacity  Motor        Manufacturer 

Pump  No.     Flow      Head      Type      Rating  Pump 

L/s        m  kW  Motor 


District  1: 

1  &  3      790     62.5    centrifugal     597    Mather  &  Piatt 

Mather  &  Piatt 

2        474     62.5    centrifugal     373    Mather  &  Piatt 

Cdn.  General  Electric 


District  2: 

4,5,6,     1421      93.0    centrifugal    1492    Cdn.  Allis  Chalmers 

7  &  8  Cdn.  General  Electric 

9       1315     91.4    centrifugal    1356    Cdn.  Allis  Chalmers 

Cdn.  General  Electric 


Notes  : 

Installed   Capacity: 

District   1:  177,600  mVd 

District   2:  727,500  mVd 

Firm  Capacity: 

District    1:  109,200  mVd 

District   2:  604,700  m^/d 
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With  the  largest  pump  out  of  service,  the  firm  pumping  capacity  for 
each  district  is: 

District  1   :  109,200  mVd 

District  2  :  604,500  mVd  (491,100  mVd  before  1987). 

No  standby  power  is  available  to  run  these  pumps  during  an  emergency 
power  outage. 

Pumps  are  arranged  for  "auto-stop-check."  control  as  for  raw  water 
pumps.  District  1  pumps  discharge  into  two  914  mm  diameter  trans- 
mission mains,  while  District  2  pumps  discharge  into  1372  mm  dia. 
transmission  mains.  Plant  output  is  metered  in  each  of  the  four  trans- 
mission mains  by  long  form  Venturi  tube  meters. 

Control  of  the  treated  water  pumps  and  their  respective  discharge 
valves  is  remote-manual  from  Central  Pumping  Control.  An  override 
circuit  is  available  whereby  pumps  can  be  controlled  manually  from  the 
plant  main  control  panel.  Local  pump  control  panels  equipped  with 
emergency  stop  push-buttons  also  are  available. 

i )       Backwash  Treatment  and  Sludge  Disposal 

Filter  backwash  water  is  discharged  directly  to  Lake  Ontario  via  an 
1850  mm  diameter  plant  drain  that  extends  389  m  into  the  lake. 

Sedimentation  tanks  are  desludged  once  per  year.  The  wash  down  is  dis- 
charged to  the  plant  drain. 

j)       Standby  Power 

Standby  power  is  available  from  two  Cummins  diesel  engine  generator 
sets  each  rated  200  kW,  250  kVA,  0.8  p.f.,  550  V,  3  phase.  During  a 
power  outage,  these  units  will  maintain  instrumentation  and  emergency 
lighting  facilities  and  sump  pumps.  Standby  power  for  the  operation  of 
equipment  and  pumps  is  not  required  since  sufficient  storage  is  avail- 
able in  the  distribution  system  and  power  failures  are  infrequent. 
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C.4      CHEMICAL  SYSTEMS 

C.4.1     LIQUID  CHEMICAL  FEED  EQUIPMENT 

a)  Liquid  Alum 

The  following  equipment  is  available  for  storing  and  feeding  liquid  alum 
as  a  primary  coagulant  to  the  rapid  mixers: 

2  -  170  m^  bulk  storage  tanks,  concrete,  4.3  m  W  x  7.2  m  L  x  5.8  m  H 
1  -  118  m^  dry  alum  mixing  and  solution  tank,  4.3  m  W  x  5.0  m  L 
X  5.8  m  H 

3-2.27  L/s  transfer  pumps,  1  for  each  tank 

4  -  Rotodip  feeders,  of  the  dipper  wheel  type,  113.6  L/min.  capa- 
bility, 7.58  L/min.  to  75.8  L/min.  range,  feeders  set  for  2  P  3 
mg/L,  1  (3  5  mg/L,  and  1  P  7  mg/L  dosage 
-  "   individual  service  water  supply  lines,  equipped  with  rotameters,  to 
dilution  tank  of  each  feeder 

1  alum  solution  diffuser  located  in  condui-t  upstream  of  rapid  mix 
tanks. 

Alum  feeders  are  equipped  with  automatic  proportional-to-flow  controls; 
dosage  adjustment  is  manual.  The  summated  raw  water  flow  signal  is  used 
for  pacing  the  alum  dosage. 

b)  Ferric  Chloride 

In  1982  to  1983  liquid  ferric  chloride  was  used  as  the  primary 
coagulant . 

The  bulk  activated  carbon  storage  tanks,  described  in  Subsection  c) 
following,  were  used  for  storing  ferric  chloride. 

Four  chemical  feed  pumps,  one  for  each  raw  water  treatment  module  and  one 
for  mechanical  standby,  were  installed.  Pumps  are  diaphragm,  positive  dis- 
placement units  with  variable  speed  SCR  drives  suitable  for  automatic  quan- 
titative pacing  relative  to  raw  water  flow.  Dosage  adjustment  is  manual  by 
setting  length  of  pump  stroke.  Pumps  are  equipped  with  electric  stroke 
positioners  and  can  be  operated  in  the  remote-automatic  mode. 
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Pumps  take  suction  directly  from  bulk  storage  tanks  and  deliver  liquid 
chemical  to  rapid  mixers. 

c)  Powdered  Activated  Carbon 

The  plant  has  facilities  for  feeding  a  powdered  activated  carbon  slurry 
for  the  control  of  taste  and  odour.  These  facilities  have  not  been 
used  since  superchlorination  treatment  has  effectively  controlled  any 
taste  and  odour  problems  in  the  treated  water. 

The  equipment  available  for  storing  and  feeding  powdered  activated 
carbon  is  listed  below: 

3  -  220  m3  bulk  solution  storage  tanks,  4.3  m  W  x  9.4  m  L  x  5.8  m  H 
1  -  106  m^  powdered  carbon  mixing  and  solution  tank,  4.3  m  W  x  4.7 
m  L  x  5 .8  m  H 
-  '   2-3.03  L/s  transfer  pumps,  2  future 

1  -  Rotodip,  dipper  wheel  type  feeder,  2  future,  113.6  L/min. 

capability,  11.4  L/min.  to  113.6  L/min.  feed  range 

feeder  controls  are:  manual   dosage  adjustment  and  automatic 

proportional-to-flow  pacing  relative  to  raw  water  flow 

3-way  splitter  box  and  flow  indicators  for  service  water  and 

carbon  slurry 

1  -  stationary  dry  carbon  bag  dump  unit. 

The  application  points  for  powdered  activated  carbon  are  at  the  rapid 
mixers . 

d)  Lime  Slurry 

Storage  facilities  are  available  for  the  application  of  a  lime  slurry  for 
pH  adjustment.  Tank  capacities  are: 

1  -  95  m^  bulk  slurry  storage  tank,  4.3  W  x  4.0  m  L  x  5.8  m  H 

1  -  152  m^  bulk  slurry  storage  tank,  4.3  m  W  x  6.1  m  L  x  5.8  m  H. 

Lime  treatment  has  not  been  necessary  so  far  and  no  feed  equipment  was 
instal led . 
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e)       Hydrof luosi 1 icic  Acid 

Hydrof luosil icic  acid  is  applied  in  the  transfer  channel  between  the 
clear  well  and  treated  water  reservoir  for  fluoridation  of  the  treated 
water.   Storage  and  feed  equipment  include  the  following: 

2  -  40.9  m^  bulk  storage  tanks,  3.3  m  W  x  4.0  m  L  x  3.8  m  H 
pneumatic  ejector  system  to  transfer  bulk  acid  to  2  -  568  L  capa- 
city day  tanks  positioned  on  loss  of  weight  scales  of  the  load 
cell  type 

-  weigh  scales  have  electronic,  digital  dial  cabinets  and  trans- 
mitters 

2  -  227.3  L/h  diaphragm-type  metering  pumps  complete  with  auto- 
matic proportional-to-flow  '■ontrols,  normal  feed  range  is  13.54 
L/h  to  136.4  L/h 
1  -  22  L  capacity  dilution  tank  and  syphon  breaker  (after  pumps). 

Pump  control  is  as  follows: 

dosage  is  set  manually  by  stroke  adjustment 

quantitative  control  is  automatic  by  SCR  drive  using  summated 

filtered  water  flow  signal. 

C.4.2     GASEOUS  CHEMICAL  FEED  EQUIPMENT 

a)       Chlorine  Gas 

Chlorine  gas  in  solution  form  is  available  for  1)  prechlorination,  2) 
postchlorination ,  and  3)  final  chlorination .  Final  chlorination  has 
not  been  used  but  is  available  as  an  option  to  postchlorination. 
Application  points  are: 

prechlorination:      1)   raw  water  screen  channel 

2)  raw  water  conduit  (primary  application 

point) 

3)  rapid  mixers 

4)  flocculation  tanks  (normally  not  used) 

-  postchlorination:     clear  well  inlet 

final  chlorination:    treated  water  reservoir  inlet. 
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Storage  Equipment 

48  -  900  kg  chlorine  containers,  40  in  inventory,  8  on  scales 

4  -  dual  900  kg  container  weigh  scales,  load  cell  type,  digital 

dial  cabinet  with  loss  of  weight  transmitter 

Evaporators  and  Feeders 

4  -  3600  kg/d  chlorine  evaporators 

3  -  900  kg/d  plus  2  -  1800  kg/d  chlorinators  of  the  solution  feed, 
vacuum  type,  complete  with  automatic  plug  positioner  and 
proportional-to-f low  controls,  2  future. 

b)  Sulphur  Dioxide  Gas 

Sulphur  dioxide  gas  is  applied  in  solution  form  at:  1)  the  clear  well 
outlet  and  2)  the  treated  water  reservoir  outlet  (alternate)  for 
dechlorination  service.   The  equipment  available  is  as  follows: 

Storage  Equipment 

18  -  900  kg  sulphur  dioxide  containers,  14  in  inventory,  4  on 
scales 

2  -  dual  900  kg  container  weigh  scales,  load  cell  type,  digital 
dial  cabinet  with  loss  of  weight  transmitter 

Evaporators  and  Feeders 

3  -  1800  kg/d  sulphur  dioxide  evaporators 

3  -  900  kg/d  sulphonators  of  the  solution  feed,  vacuum  type, 
complete  with  automatic  plug  positioners  and  proportional-to-flow 
controls,  1  future. 

c)  Gaseous  Chemical  Control  Accessories 
Gaseous  chemical  control  accessories  include: 

1  gaseous  chemical  control  panel 
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-  1  chlorine  and  sulphur  dioxide-in-air  gas  detector 
alarm  annunciator  mounted  on  the  control  panel 

-  caustic  soda  chlorine  gas  scrubbing  system,  1-7700  L  bulk  storage 
tank,  1  -  7.6  L/s  transfer  pump 

5  automatic  chlorine  residual  analyzers  for  monitoring  1)  free 
chlorine  residual  on  filtered  water,  after  postchlor ination , 
before  and  after  dechlorination  and  2)  total  chlorine  residual  on 
treated  water  output 

-  7  -  electronic  C-M-A  (computet — manual-automatic)  process  control- 
lers for  pre-,  post-,  and  dechlorination  service  mounted  on  the 
main  control  panel . 

Chlorine  analyzer  instrumentation  includes  continuous  local  indication 
and  recording  and  signal  transmission  to  control  room. 

d)       Chlorinator-Sulphonator  Control 

With  the  original  installation  chlorinator  and  sulphonator  control 
consisted  of  automatic  flow  pacing  and  manual  dosage  setting.  An 
electronic  compound  loop  control  system  was  installed  for  chlorinators 
and  sulphonators  in  1982  consisting  of  C-M-A  process  controllers 
located  at  the  main  control  panel.  This  type  of  controller  is  an 
electronic  device  which  can  automatically  control  a  process  variable  at 
a  predetermined  set  point.  The  device  features  three  operating  modes  - 
computer,  manual  and  automatic  but  only  the  latter  two  are  available 
for  use. 

In  the  computer  mode,  if  available,  control  of  chlorinators  and 
sulphonators  would  be  as  follows: 

-  automatic  pacing  based  on  raw  and  filtered  water  flow  for 

quantitative  conf  ol  , 

automatic  stroke  adjustment  (setting  of  plug  positioner)  for 
dosage  control  based  on  automatic  chlorine  residual  analyzer 
information . 

In  the  auto  mode  the  pacing  signal  and  dosage  signal  are  combined  to 
act  as  a  common  signal  on  the  feeder. 
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In  the  manual  mode  (local/manual)  the  dosage  is  set  manually  at  the 
controller  while  pacing  is  maintained  automatically. 

e)       Anhydrous  Ammonia  Gas 

Anhydrous  ammonia  gas  is  applied  in  solution  form  at  the  outlet  of  the 
treated  water  reservoir  (treated  water  suction  channel)  for  ammoniation 
of  the  treated  water.   The  available  storage  and  feed  equipment 
consists  of: 

2  bulk  anhydrous  ammonia  gas  storage  tanks,  1.8  m  dia.  x  4.9  m   L 
2  -  420  kg/d  ammoniators  of  the  solution  feed,  vacuum  type, 
complete  with  automatic  proportional-to-flow  controls,  1  future. 

The  ammonia  dosage  is  manually  preset  at  the  feeder  and  paced  on 
summated  filtered  water  flow.  In  1988  the  gas  feed  system  will  be 
replaced  by  a  liquid  aqua  ammonia  system. 

C.5       SAMPLING 

Sample  pumps  are  of  the  single  stage  peripheral  turbine  type  installed 
to  deliver  a  continuously  flowing  water  sample  to  the  sample  sink  in 
the  operator  laboratory.  Raw  and  settled  water  samples  are  also  dis- 
charged to  the  main  plant  laboratory  in  the  administration  building. 
Chlorine  analyzers,  located  in  the  operator  lab,  are  supplied  by 
samples  from  the  clear  well  and  the  treated  water  pump  suction 
channel . 

Sample  pump  specifications  and  information  on  sampling  points,  piping 
sizes,  flow  velocities  and  travel  times  to  the  point  of  discharge  are 
presented   in  Table  C.6. 

Pumps  are  constructed  of  cast  iron  casings  and  have  cast  bronze  impel- 
lers. Sample  pipes  are  made  of  Type  K  copper  tubing  and  have  soldered 
connections . 
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C.5      PROCESS  AUTOMATION 

Essentially  the  plant  was  designed  for  manual  operation.  Recently  a 
micro-processor  controller  was  installed  for  monitoring  and  automatic 
operation  of  the  filters.  Also,  individual  C-M-A  (computer-manual- 
automatic)  controllers  were  installed  for  optional  automatic  compound- 
loop  control  of  the  chlorinators  and  sulphonators . 

A  listing  of  the  instrumentation  and  control  equipment  available  at  the 
plant  is  as  follows: 

Raw  Water  Pumping  Station 

intake  wel 1  level 

-  pump  suction  well  level 

screen  channel  level  differential 

-  "   intake  well  water  temperature 

raw  water  pH  monitor  (located  in  operator  lab) 

raw  water  turbidity  meter  (located  in  operator  lab) 

raw  water  pump  discharge  flows 

raw  water  pump  discharge  valve  control 

raw  water  pump  local  control  panels 

screen  room  control  panel 

signal  relay  panel. 

Treatment  Section 

-  raw  water  conduit  high  level  alarm 
raw  water  flow  to  treatment  basins 

-  settled  water  conduit  water  level  measurement 
settled  water  conduit  level  control  function 
settled  water  turbidity  meter 

filter  rate  measurement 

filter  rate  control  function 

individual  filter  consoles 

filter  C-M-A  controllers,  one  for  each  filter 

filter  RTU  process  controller 
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filter  loss  of  head  measurement 
filter  turbidity  meters 
automatic  filter  backwash  program 

-  wash  water  tank  level  measurement 

-  wash  water  tank  high  level  alarm 
wash  water  flow  measurement 

clear  well  and  reservoir  level  measurement. 

Chemical  Systems 

liquid  chemical  feeder  control  panel 

level  gauges,  sight  glasses,  flow  indicators,  level  switches, 

weigh  scales 

gaseous  chemical  control  panel 

chlorinator-sulphonator  C-M-A  controllers 

gas  detectors  for  chlorine  and  sulphur  dioxide  in  air 

-  ■  annunciator 

residual  chlorine  analyzers. 

Treated  Water  Pumping  Station 

treated  water  discharge  flow  measurement 

treated  water  pressure  measurement 

treated  water  pump  control 

wash  water  pump  control 

treated  water  pump  local  control  panels 

wash  water  pump  local  control  panels 

signal  relay  panel 

plant  main  control  panel. 

C.7      EMERGENCY  STANDBY  OPERATION 

In  the  event  of  a  power  failure  all  plant  operations  are  shut  down. 
Instrumentation,  emergency  lighting  ,  and  sump  pumps  are  maintained  by 
power  from  two  ^lectric  diesel  generators. 


C-20 


C.8  DRAWINGS 

a)  Plant  Drawings 

Included  in  this  report  are  two  drawings: 

1)  Dwg.  No.  5  -  F  -  130   -  Location  and  Site  Plan 

2)  Dwg.  No.  5  F  -  125     -  Schematic  of  Plant  Instrumentation  and 

Control . 

A  mechanical  process  and  piping  diagram  is  not  available  in  the 
contract  drawings  and  the  instrumentation  and  control  schematic  has 
been  included  as  an  alternate. 

b)  Process  Design  Schematic 

Figure  C.2  presents  a  process  design  schematic  of  the  R.L.  Clark 
Filtration  Plant. 

c)  Plant  Photographs 

A  photographic  record  is  included  in  this  report  following  Figure  C.2. 
The  record  is  preceded  by  a  photograph  index. 
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7.  Liquid  Alum  Transfer  Pump 
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D.       PLANT  OPERATION 
D.l      GENERAL  DESCRIPTION 

a)  General 

The  R.L.  Clark  Filtration  Plant  is  one  of  four  water  treatment  plants 
that  is  operated  by  Metro  Works  to  supply  potable  water  to  the 
Metropolitan  Toronto  area  and  partially  to  the  Region  of  York.  The 
total  population  served  by  the  R.L.  Clark  plant  and  the  per  capita 
consumption  are  shown  in  Table  1.1  for  1984  to  1986. 

The  plant  design  is  based  on  the  conventional  treatment  process  for 
particulate  removal  comprising  rapid  mixing,  f 1 occul at i on , 
sedimentation  and  gravity  filtration.  In  1985  to  1986  rapid  sand 
filters  were  upgraded  to  high  rate,  dual  media  filters.  Chemical 
treatment  processes  consist  of  coagulation,  disinfection,  fluoridation 
and  ammoniation.  The  disinfection  process  includes  superchlorination 
and  dechlorination  using  sulphur  dioxide  for  the  control  of  elevated 
levels  of  bacteria  and  taste  and  odour. 

b)  Operation 

The  plant  is  operated  on  a  remote  manual  and  remote  automatic  basis.  A 
local  manual  mode  is  available  with  filters  and  chemical  systems  for 
use  during  a  breakdown  in  the  circuitry  or  instrumentation  of  the 
remote  operating  modes.  The  remote  automatic  mode  for  filters, 
chlorinators  and  sulphonators  is  a  recent  addition  to  the  plant's 
operating  capability. 

Operating  staff  consists  of  the  following: 
1  Chief  Works  Supervisor 
1  Works  Supervisor  Gr.  1 
5  Filter  Plant  Operator 

-  5  Filter  Plant  Assistant  1 

-  2  Filter  Plant  Assistant  2 

-  S  Mechanical  Maintenance  Personnel  (incl.  2  machinists) 

-  4  Electrical  Maintenance  Personnel 
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-  3  Electronic  and  Instrument  Technicians 

-  4  Labourer  and  Handyman 

-  2  Clerk  and  Stockkeeper 

Laboratory  facilities  include  the  plant  main  laboratory  and  the  Metro 
Toronto  Central  Laboratory  which  is  responsible  for  water  quality  in 
the  distribution  system.  The  plant  lab  is  staffed  by: 

-  1  Chief  Chemist 

-  1  Chemist 

-  2  Chemist  Assistant  Gr.  1. 

The  plant  operates  on  the  basis  of  2  -  12  hour  shifts  per  day,  7  days 
per  week  except  for  the  laboratory  which  is  staffed  for  1-7  hour  day 
shift  from  Mondays  to  Fridays.  Two  operators  are  on  duty  for  each  shift 

-  the  Filter  Plant  Operator  (FPO)  and  Filter  Plant  Assistant  (FPA). 
During  the  day  shift  this  team  is  supported  by  the  Chief  Works 
Supervisor  and/or  Works  Supervisor  Gr.  1. 

The  FPO  runs  the  plant  from  the  control  room.  The  FPA  is  the  roving 
operator  who  monitors  plant  operations,  collects  manual  water  samples 
for  analysis  in  the  lab,  does  taste  tests  on  treated  water,  confirms 
accuracy  of  on-line  monitors,  receives  chemicals,  and  makes  physical 
changes  to  valves  and  equipment  to  attain  the  desired  operating  mode 
established  by  the  FPO.  All  entries  in  the  Process  Control  Log  Sheet 
(daily  log)  are  made  by  the  FPO.  This  includes  hourly  recording  of 
flows,  chemicals  used,  results  of  on-line  monitors,  and  laboratory 
analyses. 

D.2      FLOW  CONTROL 

a)       Raw  Water  Pumps 

Control  of  the  raw  water  pumps  is  remote  manual  from  the  main  control 
panel  based  on  level  in  the  treated  water  reservoir. 

Pumps  will  alarm  based  on  high  level  in  the  raw  water  conduit.  Manual 
stop  push-buttons  are  provided  on  local  control  panels. 
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The  control  of  the  motorized  pump  discharge  valve  is  interlocked  with 
its  related  raw  water  pump  control  circuit,  so  that  the  valve  functions 
as  a  combined  stop-check-throttle  service.  This  function  eliminates 
hydraulic  shocks  associated  with  starting  and  stopping  large  pumps. 
The  motorized  valves  will  also  permit  pumps  to  be  trim-throttled. 

b)  Filters 

Filters  are  operated  on  the  principle  of  constant  rate  filtration. 
Flow  through  the  plant  is  divided  equally  by  all  on-line  filters. 

Filter  rate  control  can  be  either  by  computer,  automatic  or  manual. 

In  the  computer  mode  the  filter  rate  set  point  on  individual  process 
controllers  is  automatically  adjusted  by  the  Filter  RTU  based  on  level 
in  the  settled  water  conduit.  Individual  process  controllers  compare 
the  measured  flow  rate  from  each  filter  to  the  set  point  value  and 
adjust  the  output  of  the  controller  which  repositions  the  rate  control 
valve. 

In  the  auto  mode,  the  filter  rate  set  point  is  manually  adjusted  at 
individual  process  controllers  which  then  function  to  maintain  constant 
rate  based  on  filter  effluent  flow. 

In  the  local/manual  mode  filter  rate  is  manually  set  at  the  process 
control lers. 

c)  Treated  Water  Pumps 

Control  of  the  treated  water  pumps  and  their  discharge  valves  is  remote 
manual  from  Centralized  Pumping  Control  or  remote  manual  from  the  plant 
main  control  panel . 

Emergency  stop  push-buttons  are  available  on  local  control  panels. 
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D.3      DISINFECTION  PRACTICES 

Chlorine  gas  is  used  for  disinfection  and  the  control  of  taste  and 
odour.  The  practice  of  disinfection  at  the  R.L.  Clark  plant  consists 
of  prechlorination  of  the  raw  water  followed  by  postchlorination  of 
filtered  water.  As  a  variation  of  postchlorination,  superchlorination/ 
dechlorination  is  practiced  in  response  to  high  levels  of  free  ammonia 
in  the  raw  water  (above  0.02  mg/L),  high  standard  plate  count  in  plant 
output,  prevailing  easterly  winds,  filtered  water  turbidity  greater 
than  0.5  FTU  and  the  presence  of  chlorophenol  tastes.  Sulphur  dioxide 
is  used  to  dechlorinate  superchlorinated  water  to  a  predetermined 
chlorine  residual.  Final  chlorination  may  be  applied  in  case  post- 
chlorination fails.  In  this  mode,  chlorination/dechlorination  is  moved 
from  the  clear  well  to  the  reservoir.  The  change  from  postchlorination 
to  final  chlorination  is  triggered  by  a  low  chlorine  residual  of  less 
than  0.4  mg/L  in  the  clear  well  outlet. 

The  final  effluent  from  the  reservoir  is  ammoniated  to  provide  a  long- 
lasting  residual  in  the  distribution  system.  Total  chlorine  residuals 
in  the  final  effluent  for  1984  to  1986  ranged  between  0.64  and  0.77 
mg/L. 

A  condensed  summary  of  the  disinfection  process  is  as  follows: 

Prechlorination 

-  application  point:  .  raw  water  conduit 

-  dosage:  .  0.8  mg/L  (manually  set) 

-  control:  .  chlorinator  automatically  paced  on  raw 

water  flow 

-  chlorine  residual:  .  free  chlorine  residual  after  the 

filters  will  vary  depending  upon  raw 
water  quality;  a  level  of  0.2  mg/L 
generally  is  achieved 
.  monitored   continuously   by   chlorine 
analyzer 
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P os tch 1  or i nat i on/Super chl or i nation 

-  application  point:         .  effluent  of  filtered  water  conduit 

-  dosage:  .  set   on   basis   of   free   ammonia 

concentration  in  raw  and  settled 
water 

-  for  NH3  <0.020  mg/L  as  N,  dosage  is 
0.3  to  1.4  mg/L 

-  for  NH3  >0.020  mg/L  as  N,  dosage  is 
2.0  mg/L  and  higher;  dosage  is 
increased  by  0.5  mg/L  for  every 
0.050  mg/L  of  NH3  -  N  above  0.020 
mg/L 

-  control:  .  by  C-M-A  electronic  controller  using 

compound  loop  -  auto  dosage  adjustment 
based  on  chlorine  residual  and 
flow-proportional  control  relative  to 
total  filtered  water  flow 
.  in  local/manual  mode  controller  paces 
chlorinator  only,  desired  dosage  is 
set  manually 

-  chlorine  residual  : 

1)  ordinary  chlorination     .  free  post-chlorine  residual  maintained 

at  0.5  to  0.7  mg/L 
.free   Clj   residual   before 
dechlorination  is  kept  at: 

-  0.45  to  0.55  mg/L  -  May  1  to 
November  1 

-  0.55  to  0.65  mg/L  -  November  1  to 
May  1  -  when  free  NH3-N  <0.020  mg/L 

.  the  minimum  free  Clj  residual  in  after 
post-  and  before  dechlorination  must 
not  be  less  than  0.40  mg/L 

2)  superchl or inat ion        .  free  post-chlorine  residual  maintained 

at  1.5  mg/L  minimum 
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dosage  adjustment 

1)  ordinary  to  super- 
chlorination 

2)  superchlorination  to 
ordinary 


free  CI2  residual  before  dechlor- 
ination is  kept  at  1.2  mg/L  minimum  - 
when  free  NH3-N  is  >0.020  mg/L  in  raw 
or  settled  water 


when  NH3-N  >0.020  mg/L,  dosage  is 
increased  immediately 

as  NH3-N  drops  below  0.020  mg/L, 
superchlorination  dosage  is  maintained 
for  duration  of  retention  time  in 
system  plus  2  hours  -  thereafter 
ordinary  chlorination  is  resumed. 


Dechlorination 


-  appl ication  point: 

-  dosage: 


-  control  : 


after  clear  well  outlet  in  treated 
water  suction  conduit 
applied  when  free  Clj  residual   in 
before   dechlorination   sample   is 
greater  than  0.7  mg/L 
dosage  controlled  to  maintain  free 
chlorine  residuals  in  after  dechlor- 
ination sample  equal  to  those  for 
ordinary  chlorination 
by  C-M-A  electronic  controller  dosage 
adjusted   on   chlorine  residual   and 
paced  relative  to  filtered  water  flow 
in  local/manual  mode  pre-set  dosage  is 
paced  automatically  on  filtered  water 
flow 


Final  Chlorination 


-  required: 


when  free  Clj  residual  in  after  post- 
and  before  dechlorination  is  less 
than  0.40  mg/L 


D-7 


-  process  description: 

-  appl icat ion  point  : 

-  dosage: 

-  dechlorination: 


.  same  as  post-/superchlorination 

.  reservoir  inlet 

.  maintain   free   Clj   residual   at 

reservoir  inlet  of  1.1  to  1.2  mg/L 
.  at  reservoir  outlet  when  normal  free 

Clj  residuals  of  output  exceed  normal 

1 imits 


Ammoniat ion 


-  appl ication  point: 

-  dosage: 

-  control  : 


outlet  of  reservoir  in  treated  water 

suction  conduit 

NH3  to  free  Clj  residual  ratio  of  1:3 

is  maintained 

dosage   set  manually  and   paced   by 

summated  plant  output  and  backwash 

flow  signal 


In  addition  to  the  level  of  free  ammonia  in  the  raw  water  as  described 
above,  superchlorination  is  used  when: 

1)  chlorophenol  tastes  are  present 

2)  an  easterly  wind  greater  than  10  km/h  exists 

3)  filtered  water  turbidity  is  greater  than  0.5  FTU. 

In  case  the  prechlorination  system  fails,  the  postchlorination  dosage 
is  increased  to  the  combined  pre-  and  postchlorine  dosages. 


An  interruption  in  the  postchlorination  system  will  result  in: 

1)  immediate  shut  down  of  filters,  if  interruption  is  of  short 
duration 

2)  for  long  interruption,  pre-chl or i nators  can  be  used  for 
postchlorination  at  a  dosage  recommended  by  the  Chief  Chemist  or 
in  his  absence,  the  Chemist. 
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D.4      OPERATION  OF  SPECIFIC  COMPONENTS 

D.4.1     INTAKE 

No  special  operating  procedures  apply  to  the  intake.  No  problems  have  been 
encountered,  either  with  frazil  ice  or  otherwise.  Shut-off  gates  are 
available  to  isolate  the  intake  from  the  plant. 

D.4. 2     SCREENING 

Screens  are  in  good  condition.  They  are  self-cleaning  when  in  operation. 
Wastes  are  discharged  to  the  plant  drain  which  discharges  to  the  lake. 

D.4. 3     RAW  WATER  PUMPS 

Pumps  have  performed  well.  No  problems  have  been  experienced.  Pumps  are 
selected  to  match  treated  water  flow. 

D.4. 4     RAPID  MIXING  AND  FLOCCULATION 

All  three  pretreatment  modules  are  used  all  the  time  except  during 
maintenance  and  repairs.  Mixers  and  flocculators  have  manual  stop/start 
push-button  controls  and  are  normally  operated  from  the  control  room. 

D.4. 5     SEDIMENTATION 

Sedimentation  basins  operate  together  with  rapid  mixing  and  flocculation 
tanks.  In  view  of  the  low  amount  of  sludge  that  was  collected,  the  sludge 
collector  mechanism  in  Tank  3  has  been  removed  more  than  10  years  ago. 

Tanks  are  taken  out  for  service  once  per  year  for  cleaning.  Settled  sludge 
and  wash  water  are  discharged  to  the  lake  via  the  plant  drain  and  outfall. 

D.4. 6     FILTERS 

Filters  operate  on  the  basis  of  constant  rate.  Control  is  automatic  from 
the  Filter  RTU  based  on  settled  water  conduit  level.  Alternatively  filters 
can  be  operated  from  individual  filter  C-M-A  process  controllers  based  on 
actual  filter  flow  and  manual  setting  of  flow  set  point. 
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Filters  are  monitored  for  flow,  head  loss  and  effluent  turbidity.  Head 
loss  is  used  in  the  backwash  program  to  initiate  a  wash.  Wash  water  is 
supplied  simultaneously  from  the  elevated  storage  tank  and  the  wash 
water  pumps.  Flow  is  measured  by  one  uni-directional  and  one  bi- 
directional Venturi  flow  meter.  A  maximum  filter  rise  rate  of  55  m/h 
is  achieved  with  the  combined  gravity/pressure  flow  system.  The  pumps 
are  duty  selected  and  controlled  automatically  from  the  main  control 
panel  by  the  level  controller  in  the  wash  water  tank.  A  manual  over- 
ride control  mode  is  available  in  case  of  malfunction  of  the  wash  water 
tank  level  control  system.  Manual  controls  are  located  in  a  local 
control  panel  and  consist  of  start/stop  push-button  stations.  Surface 
agitators  are  brought  on-line  at  the  beginning  of  the  wash  cycle  and 
run  for  about  3  minutes.  Agitators  are  controlled  automatically  by 
opening/closing  of  a  motorized  inlet  valve.  The  entire  duration  of  a 
filter  wash  is  variable  but  normally  does  not  exceed  15  minutes.  The 
cycle  is  stopped  automatically  when  the  level  of  turbidity  in  the  waste 
water  reaches  a  pre-set  limit  of  20  NTU.  An  on-line  turbidity  meter  is 
used  to  sense  turbidity  in  the  waste  water  and  to  provide  the  signal  to 
the  process  controller.  Following  a  filter  wash,  the  filter  is  left  to 
rest  for  15  minutes  before  it  is  reinstated  into  service. 

The  rate  of  flow  through  each  filter  is  controlled  by  a  butterfly  valve 
which  is  equipped  with  a  direct-acting  pneumatically-operated  valve 
positioner.  The  control  signal  is  derived  from  the  settled  water 
conduit  level  controller  which  compares  a  set-point  signal  derived  from 
individual  filter  rate  controllers  with  the  measured  variable.  Any 
difference  between  measured  and  set-point  values  produces  an  error 
signal  which  initiates  controller  action.  The  P.I.D.  (proportional, 
integral,  derivative)  controller  then  produces  a  direct-acting  output 
signal  whose  value  is  dependent  on  the  magnitude  of  the  error,  the 
time-duration  of  the  error,  and  the  rate  of  change  of  the  error.  The 
range  of  each  mode  of  controller  action  is  adjustable  within  specified 
limits  of  the  instrument. 

Filters  are  observed  occasionally  during  backwashing.  The  depth  of 
media  is  checked  twice  per  year.  The  media  is  visually  inspected  once 
per  year. 
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D.4.7     CLEAR  WELL 

The  clear  well  is  equipped  with  two  inlet  gates  (normally  open)  and  one 
outlet  gate  (normally  closed).  The  water  level  is  controlled  by  the 
weir  elevation  of  the  effluent  discharge  troughs  thereby  providing 
contact  time  for  postchlorination .  A  chlorine  diffuser  is  located  in 
the  filtered  water  conduit  near  the  inlet  gate  of  the  clear  well. 

The  plant  is  shut  down  about  every  three  years  for  a  general 
inspection. 

D.4.8     RESERVOIR 

The  reservoir  is  identical  to  the  clear  well.  Operations  are  dif- 
ferent, though,  in  that  the  outlet  gate  is  used  as  the  discharge.  This 
allows  the  water  level  to  fluctuate  and  thus  the  reservoir  provides 
storage  capacity  for  balancing  raw  and  treated  water  pumping  rates.  A 
chlorine  diffuser  which  is  used  for  final  chlorination ,  is  located  on 
the  inlet  side  of  the  reservoir.  The  ammonia  diffuser  is  located  at 
the  outlet. 

D.4.9     TREATED  WATER  SUCTION  CONDUIT 

The  treated  water  suction  conduit  is  separated  into  the  north  and  south 
conduits.  The  south  conduit  serves  to  transfer  flow  from  the  clear 
well  to  the  reservoir  as  well  as  to  receive  sulphur  dioxide  and 
fluoride  chemicals. 

Diffusers  for  each  chemical  are  located  at  about  the  mid-point  of  the 
conduit.  A  second  sulphur  dioxide  diffuser  is  located  in  the  conduit 
just  downstream  of  the  reservoir  outlet  gate,  which  is  used  during 
final  dechlorination  treatment. 

The  north  suction  conduit  serves  ^o  convey  treated  water  to  the  treated 
water  pump  suction  well. 
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D.5      CHEMICALS 

D.5.1     CONTROL  OF  CHEMICAL  DOSAGES 

a)       Alum 

Liquid  alum  is  the  primary  coagulant  used  at  the  plant.  In  1982-83  ferric 
chloride  was  used  for  coagulation. 

The  liquid  alum  coagulant  is  used  at  full  commercial  strength  and  can  be 
applied  by  manual  control  of  transfer  pumps  and  alum  feeders  to  the  rapid 
mixers  from  the  plant  control  room.  Rotodip  feeders  are  calibrated  for 
specific  dosages  of  3.0,  5.0,  7.0  and  3.0  mg/L  and  are  operated  in 
combination  to  supply  the  required  dosage.  Dilution  water  is  added  to  the 
metered  alum  flow  downstream  of  the  feeders. 

The  applied  alum  dosage  is  selected  on  the  basis  of  the  quality  of  the  raw 
and  filtered  water.  Relative  to  raw  water  turbidity  the  dosage  guide  used 
is  as  follows: 

Raw  Turbidity  Alum  Dosage 

FTU  mg/L 

0-5  3 

6-10  5 

11-20  7 

21  -  50  10 

The  dosage  is  increased  to  the  next  higher  setting  when  the  filtered  water 
turbidity  is  greater  than  0.5  FTU.  Further  increases  are  made  if  the 
filtered  water  turbidity  does  not  come  down  below  0.5  FTU  following  the 
duration  of  the  detention  time  in  the  sedimentation  tanks  plus  one  hour.  An 
adjustment  in  alum  dosage  to  the  next  higher  dosage  is  also  made  when  the 
plankton  count  in  the  treated  water  exceeds  20  A.S.U.  per  mL. 

The  actual  alum  dosage  applied  is  calculated  hourly  using  the  total  raw 
water  flow  treated  and  the  volume  in  litres  of  l.iquid  alum  consumed.  The 
concentration  of  the  bulk  alum  solution  is  confirmed  in  the  lab. 
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b)   Chlorine  and  Sulphur  Dioxide 

As  described  previously,  chlorine  gas  is  used  for  disinfection  and 
taste  and  odour  control.  Basically,  the  water  flowing  through  the 
plant  is  prechlorinated,  postchlorinated  or  superchlorinated. 

The  pre-chlorine  dosage  is  set  manually  at  0.8  mg/L.  Experience  has 
proven  this  dosage  to  be  sufficient  to  maintain  a  free  chlorine 
residual  after  the  filters  of  about  0.2  mg/L. 

The  post-chlorine  dosage  can  vary  from  0.3  to  2.0  mg/L  and  higher 
depending  upon  raw  water  quality.  For  postchlorination  the  objective 
is  to  maintain  a  free  chlorine  residual  in  the  treated  water  of  0.45  - 
0.55  mg/L  between  May  1  and  November  1  and  0.55  -  0.65  mg/L  between 
November  1  to  May  1.  The  higher  residual  for  the  winter  period  is 
maintained  to  safeguard  against  higher  bacterial  densities  in  the  lake 
water  during  that  time. 

For  superchlorination  the  minimum  free  chlorine  residual  in  the  treated 
water  from  the  clear  well  outlet  (before  dechlorination)  is  kept  at  1.2 
mg/L. 

Dechlorination  is  achieved  with  sulphur  dioxide.  The  applied  dosage  is 
set  on  the  basis  of  maintaining  the  free  chlorine  residuals  indicated 
above  for  postchlorination  treatment. 

Actual  chlorine  and  sulphur  dioxide  dosages  applied  are  calculated 
hourly  from  the  weight  of  gas  used  and  the  amount  of  water  treated. 

Five  on-line  chlorine  residual  analyzers  monitor  the  chlorine  residuals 
of: 


1)  filtered  water 

2)  after  postchlorination 

3)  '  before  dechlorination 

4)  after  dechlorination 

5)  final  output 


free  CI2  residual 
free  Clj  residual 
free  Clj  residual 
free  Clj  residual 
total  Clj  residual 
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Analyzers  can  also  be  used  for  compound-loop  control  of  postchlor- 
inators  and  sulphonators .  Readings  are  recorded  hourly. 

The  accuracy  of  analyzers  is  carefully  maintained  by  comparing  results 
against  bench  filtration  test  results  carried  out  each  shift  and  when  a 
reading  is  suspect.  The  standard  Wallace  and  Tiernan  titrator  is  used 
to  determine  an  accurate  chlorine  residual  for  comparison  with  the 
result  from  the  auto  analyzer.  The  accepted  margin  of  error  is  less 
than  0.1  mg/L  for  a  value  of  0  to  1.0  mg/L  chlorine  and  less  than  0.2 
mg/L  for  a  value  of  0  to  5.0  mg/L  chlorine. 

c)  Ammonia 

Anhydrous  ammonia  is  used  for  ammoniation  of  the  final  output.  In  1988 
the  anhydrous  ammonia  system  will  be  changed  to  a  liquid  aqua  ammonia 
feed  system. 

An  ammonia  dosage  of  0.2  mg/L  is  applied  for  ammoniation.  This  dosage 
represents  an  ammonia-chlorine  ratio  of  1:3  which  has  been  established 
by  experience  to  be  the  optimum  ratio  for  stabilizing  the  chlorine 
residual . 

With  the  existing  anhydrous  ammonia  feed  system,  the  applied  dosage  is 
calculated  hourly  using  the  dosage  rate  feeder  setting.  Once  the 
system  is  converted  to  an  aqua  ammonia  feed  system,  a  confirmation  of 
the  actual  dosage  applied  will  be  made  hourly  using  the  weight  of 
ammonia  consumed  and  the  total  amount  of  water  treated  (output  plus 
backwash  water  used). 

d)  Hydrof luosil icic  Acid 

The  treated  water  is  fluoridated  with  hydrof luosi 1 icic  acid.  A  dosage 
of  0.95  to  1.0  mg/L  fluoride  is  applied. 

Actual  dosage  is  calculated  every  hour  based  on  the  actual  weight  of 
acid  consumed  and  the  amount  of  water  treated. 
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Confirmation  of  dosage  is  obtained  from  fluoride  content  analyses 
results.  A  daily  composite  sample  compiled  hourly  is  analyzed  every 
day  of  the  week  and  a  spot  sample  every  four  hours.  The  samples  are 
obtained  from  the  output  sample  tap  in  the  operator  lab. 

As  a  precaution  against  overdosing,  the  total  filter  flow  rate  is 
checked  against  the  raw  water  flow  rate  hourly.  If  the  filter  flow 
signal  is  ten  percent  greater  than  the  actual,  then  fluoridation  i^ 
discontinued  until  the  discrepancy  has  been  rectified. 

e)       Sample  Lines 

Sample  lines  are  backf lushed  once  a  week. 

D.6      SAMPLING  AND  DATA  COLLECTION 

D.6.1     PLANT  RECORDS 

Records  kept  by  the  plant  staff  to  monitor  plant  operations  include  the 
fol  lowing: 

1)  The  Daily  Process  Control  Log  Sheet 

2)  The  Daily  Summary  Record  (by  month) 

3)  The  Monthly  Summary  Record  (by  year). 

An  example  of  the  daily  log  sheet  is  given  in  Appendix  A  of  this 
report.  Information,  documented  for  the  three-year  operating  period 
for  this  plant  optimization  study,  is  presented  in  Appendix  C,  Tables 
1.0  to  6.0  inclusive. 

D.6. 2     PROCESS  AND  QUALITY  CONTROL 

The  filtration  plant  operator  (FPO)  is  responsible  for  maintaining  the 
daily  log  ^heet.  Data  are  recorded  for  every  hour  of  the  24-hour  day 
and  include  information  on  flows,  chemical  treatment  and  quality 
control  testing.  At  the  end  of  the  day  the  information  is  summarized 
and  daily  maximum,  minimum  and  average  values  are  recorded.  Specific 
entries  of  the  daily  log  sheet  include  the  following: 
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a)  Flows 

-  raw  water  flow  to  pretreatment  basins  (summated  flow  signal  for 
three   individual  flow  meters) 

-  summated  filtered  water  flow  (based  on  individual  filter  flow 
meters) 

-  backwash  water  flow  (net  flow  from  pump  and  wash  water  tanks) 
plant  output  -  total  flow  pumped  to  the  distribution  system. 

b)  Chemical  Treatment 

-  liquid  alum  .  consumption  in  L/h ,  based  on  Rotodip  feeder 

total izers . 

-  chlorine  .  consumption  in  kg/h  for  prechlorination, 

postchlorination  and/or  superchlorination 

and  combined  total  for  above 
.  weight  is  obtained  from  loss  of  weight 

scale  transmitters 
.  calculated  dosage  for  each  chlorination 

mode  including  combined  total 
sulphur  dioxide        .  consumption  in  kg/h  from  loss  of  weight 

scale  transmitter 
.  calculated  dosage 

-  ammonia  gas  .  consumption  in  kg/h  from  ammoniator  flow 

rate  meter 
.  calculated  dosage 

-  fluoride  .  hydrof luosil icic   acid   consumption, 

kg/h 
.  calculated  weight  of  fluoride  applied, 

kg 
.  calculated  dosage  based  on  actual  acid 

concentration  determined  in  the  lab. 
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c)       Quality  Control  Testing 

-  chlorine  residuals     .  chlorine  residuals  from  on-line  monitors 

are  recorded  hourly  in  mg/L  for:  1) 
filtered  water,  2)  after  postchlorinat ion , 
3)  before  dechlorination,  4)  after 
dechlorination,  5)  plant  output 

-  temperature  .  raw  water   from   temperature   sensor 

transmitter 

-  pH  .  raw  water  pH  based  on  auto  analyzer 

transmitter 

-  turbidity  .  1)  raw  water,  2)  settled  water,  3)  filtered 

water  (composite),  4)  plant  output 
.  bared  on  on-line  turbidity  meters 

-  taste  and  odour       .  test  done  by  operator  every  2  hours  on 

filtered  water  and  plant  output  for:  1) 

chlorophenol  ,  2)  earthy,  3)  foul,  and  4) 
weedy 

-  free  ammonia         .  raw  and  settled  water  is  tested  every  2 

hours 
.  before  dechlorination  sample  is  tested  3 
times  per  day  and  plant  output  4  times  per 
day. 

D.6.3     WATER  QUALITY  EXAMINATION 

The  plant  laboratory  performs  daily  routine  analyses  for  various 
chemical,  biological  and  bacteriological  parameters.  Results  are 
recorded  on  the  daily  and  monthly  record  sheets.  A  list  of  tests 
performed  and  the  frequency  of  testing  is  given  in  Table  D.l  to  D.4. 

D.6.4     LABC-iATORY  EQUIPMENT 

The  operator  lab  is  equipped  with  three  Wallace  &  Tiernan  titrators. 
one  turbidimeter  -  Hach  Model  2100A,  and  one  Fisher  &  Porter  Model  17 
pH  meter. 


TABLE  D.l 
BACTERIOLOGICAL  EXAMINATION 

TESTS  PERFORMED 

Test  Water  Sample  Method 

Standard  Plate  Count  and      Raw  Water  Mill ipore 

Total  Coliform  Settled  Water         Filter 

Individual  Filters 

Filter  Composite 

Plant  Output 


Fecal  Coliform  and  Fecal 
Streptococcus 

Raw  Water 
Plant  Output 

Mil  1 ipore 
Filter 

B.   SAMPLING  FREQUENCY 

Day  of        Raw 
Week         Water 

Settled 
Water 

Filtered 
Water 

Plant 
Output 

Monday 

through 

Thursday    4  per  day 

3  per  day 

4  per  day 

6  per  day 

Friday      3  per  day 

2  per  day 

4  per  day 

6  per  day 

Saturday, 

Sunday  and 

Hoi idays     2  per  day 

2  per  day 

- 

6  per  day 

Notes  : 

Raw  water  samples  are  collected  from  the  discharge  of  the  raw 
water  sample  pump  in  the  Raw  Water  Pumping  Station.   Sampling  done 
by  plant  operator  except  for  2  samples  on  Monday  to  Thursday  and  1 
sample  on  Friday  collected  by  lab  staff. 

Settled  water  samples  are  collected  from  settled  water  sample  tap 
in  the  operator  lab  by  the  operator. 

Filtered  water  samples  are  collected  from  individual   filters  by 
the  lab  staff. 

Plant  output  samples  are  collected  from  the  output  sample  tap  in 
the  operator  lab  by  the  operator. 
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BIOLOGICAL  EXAMINATION 


Test  Water  Sample      Frequency      Method 

Plankton  -  Raw  Water         1  per  week      Concentration 

Identification  by 

&  Enumeration  Centrif ugation 

and 
Settled  Water      1  per  week     Membrane 

Fi 1 tration 

Plant  Output      1  per  week      Identification 

&  Counting  by 
Microscope 
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TABLE  D.3 

CHEMICAL  EXAMINATION  -  DAILY  RECORD 

Parameter      Water  Sampled      Frequency      Method 

Turbidity       Raw,  Settled,      every  hour      On-line  Meter 
Filtered  & 
Output 

pH  Raw  every  hour      On-line  Meter 

Settled,  1  per  day      Bench  pH  Meter 

Clear  Well  &      Mon.  to  Fri . 

Output 

Colour         Raw,  Settled  &     1  per  day      APHA  -  Colour 
Output  Comparitor 

Temperature     Raw  every  hour      On-line  Meter 

Taste  &  Odour   Filtered  &  Output  every  hour      Operator 

Free  Ammonia-N  Raw  &  Settled      every  2  hours   Nesslerization 

with  Distillation 


Before  SO2 

3  per 

day 

Output 

4  per 

day 

COD 

Raw,  Settled  & 
Output 

1  per 

week 

COD  Reflux  Metho 

Chlorine 
Residual 

Filtered,  After 
Post,  Before  SOj  , 
After  SO2 ,  and 
Output 

every 

hour 

On-1 ine  Chlorine 
Analyzer 

Fluoride 

Raw 

2  per 

week 

Microprocessor/ 
Analyzer 

Output 

Composite  of 

24  hourly 
samples  &  spot 
samples  every 
4  hours 

Phenol         Raw  5  per  week      Chloroform  Extract- 

ion and  by  Spectro- 
photometer 

Output  1  per  week 


TABLE  D.3  (cont'd) 

Parameter     Water  Sampled 
Aluminum      Raw 

Output 
Iron  Output 
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Frequency 
1  per  day 
1  per  day 
1  per  month 


Method 


Spectrophotometer 


Spectrophotometer 


Notes: 

1.  Samples  are  collected  from  sample  taps  in  operator  lab. 
Periodically  samples  are  taken  at  the  source. 

2.  Turbidity  results  are  checked  once  per  shift,  or  more  often, 
against  lab  result  using  Hach  2100A  turbidity  meter. 

3.  Chlorine  residual  results  are  checked  once  per  shift,  and  when 
reading  is  suspect,  against  lab  result  using  W  &  T  titrator. 

4.  pH  results  are  checked  twice  per  week  against  lab  result  using 
Fisher  Accumet  pH  meter. 

5.  Methods  are  based  on  the  latest  edition  of  Standard  Methods  for 
the  Examination  of  Water  and  Wastewater  published  jointly  by  APHA, 
AWWA,  and  WPCF. 


TABLE  D.4 
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CHEMICIAL  EXAMINATION  -  MONTHLY  RECORD 


Parameter 
Al kal inity 

Cadmium 
Calcium 
Chloride 

Chromium 
Carbon  Dioxide 

Copper 

Hardness 

Lead 

Magnesium 

Manganese 

Nitrate-N 

Organic  Nitrogen 


Biochemical  Oxygen 
Demand 

Dissolved  Oxygen 

Total  Organic 
Carbon 

Total  Phosphate 


Potassium 
Sodium 


Water  Sampled 

Raw,  Settled, 
Output 

Raw  Output 

Raw,  Output 

Raw,  Output 

Raw,  Output 
Output 

Raw,  Output 

Raw,  Output 

Raw,  Output 

Raw,  Output 

Raw,  Output 

Raw,  Settled, 
Output 

Raw,  Settled, 
Output 

Raw 

Raw,  Output 
Raw,  Output 

Raw 

Raw,  Output 
Raw,  Output 


Frequency 
monthly 

monthly 
monthly 
monthly 

monthly 
2  per  year 

monthly 
monthly 
monthly 
monthly 
monthly 
monthly 

monthly 

monthly 

monthly 
monthly 

monthly 

monthly 
monthly 


Method 

Titration  with 
Sulphuric  Acid 

Spectrophotometer 

Spectrophotometer 

Titration  with 
Silver  Nitrate 

Spectrophotometer 

Indirect 

by  Nomograph 

Spectrophotometer 

EDTA  Titration 

Spectrophotometer 

Spectrophotometer 

Spectrophotometer 

Reduction  Process 

Kjeldahl  Method 

BOD  Test 

Titration 

Combustion-Infrared 
Method 

Stannous  Chloride 
Method 

Spectrophotometer 

Spectrophotometer 


TABLE  D.4  (cont'd) 

Parameter     Water  Sampled 
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Specific 
Conductance 

Surfactant 

Si  1 ica 

Sulphate 

Total  Solids 

Zinc 


Raw,  Output 

Raw,  Output 
Raw,  Output 
Raw,  Output 
Output 

Raw,  Output 


Frequency 
monthly 

3  per  year 
monthly 
monthly 
2  per  year 

monthly 


Method 


Conductivity  Cell 

MBAS  Method 

Colourimetric  Method 

Turbidimetric  Method 

Total  Sol  ids  at 
103-105°C 

AA  Spectrophotometer 


Note: 

All  analytical  procedures  are  based  on  the  latest  edition  of  Standard  Methods 
for  the  Examination  of  Water  and  Wastewater  published  jointly  by  APHA,  AWWA 
and  WPCF. 
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The  following  equipment  is  available  at  the  plant  Water  Quality 
Control  Laboratory: 

Chemical  Lab 

-  1  hot  air  sterilizer 

-  1  steam  pressure  sterilizer 

-  1  walk-in  refrigerator 

-  1  Video  12  aa/ae  Spectrophotometer 

-  1  Conductivity  Meter  -  Model  31 

-  1  Spectrophotometer  -  Bausch  &  Lomb  "Spectronic  70" 

-  1  Sartorius  Lab  Scale  -  Canlab 

-  1  SP  6-300  Spectrophotometer  -  Pye  Uni  cam 

-  1  Sauter  Platform  Balance 

-  1  Phipps  &  Bird  Stirrer  Apparatus 

-  1  Orion  Research  Microprocessor/Analyzer/901 

-  2  Wallace  &  Tiernan  Chlorine  Titrators 

-  i  Hach  Model  2100A  Turbidimeter 

-  1  Fisher  Acumet  pH  Meter 

-  1  Titration  Cabinet 

-  1  COD  Reflux  Apparatus 

-  1  Free  Ammonia  Distillation  Apparatus 

-  1  Dedicated  Fume  Hood  for  Phenol  Extraction 

-  1  Buechi  320  Nitrogen  Distillation  Unit 

-  1  Fume  Hood  -  General  Work 

-  1  Colour  Comparitor 

-  2  Drying  Ovens 

-  1  Pure  Water  Distillation  Apparatus. 

Microbiology  Lab 

-  2  Filter  Apparatus  -  for  concentrating  algae 

-  1  Centrifuge  -  Damon/lEC 

-  2  Millipore  UV  Sterilizer  -  st.  steel  Funnel 

-  1  P/S  Thelco  Precision  Scientific  Water  Both  Incubator 

-  1  Vacuum  Pump  with  Multiple  Manifolds 

-  1  Millipore  -  FC/TC  Incubator 

-  2  Microscopes,  1  Bausch  &  Lomb  40X  and  1  Olympus  -  2000X 

-  1  Large  Incubator  -  for  SPC 

-  1  Colony  Counter  -  American  Optical  Co. 

-  1  Incubator/Refrigerator. 
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D.7      PROCESS  AUTOMATION 

The  plant  contains  automated  equipment  for  operation  of  the  filters  and 
the  postchlorinators  and  sulphonators .  The  equipment  available 
consists  of: 

-  1  Filter  RTU  process  controller 

-  18  individual  filter  electronic  process  controllers  (computer-manual- 
automatic  controllers) 

-  C-M-A  controllers  for  postchlorinators  and  sulphonators 

-  automatic  chlorine  residual  analyzers. 

Automatic  filter  control  is  based  on  maintaining  constant  level  in  the 
settled  water  conduit.  The  top  500  mm  in  the  conduit  water  level  range 
is  used  for  filter  flow  rate  set  point  adjustment.  The  filter  rate  can 
vary  from  0  to  7.85  m/h .  The  filter  C-M-A  controllers  compare  a 
measured  flow  variable  to  the  set  point  and,  in  case  of  a  difference, 
will  generate  an  output  signal  that  will  reposition  the  rate  control 
valve  in  order  to  eliminate  the  error. 

A  backwash  program,  resident  in  the  Filter  RTU,  will  automatically 
initiate  and  backwash  a  filter  based  on  control  signals  for  differ- 
ential head  loss  or  filter  effluent  turbidity.  At  the  completion  of  a 
wash  and,  following  the  pre-programmed  rest  period,  the  filter  will  be 
automatically  returned  to  service. 

For  postchlorination  and  dechlorination  service,  C-M-A  controllers  are 
not  used  for  automatic  adjustment  of  the  feed  dosage  based  on  a  pre-set 
chlorine  residual  set  point,  instead  the  feed  rate  is  set  manually  for 
each  feeder  to  the  required  dosage.  Quantitative  flow-proportional 
control  is  provided  by  the  flow  controller. 

D.8       DAILY  OPERATOR  DUTIES 

The  Filter  Plant  Operator  is  stationed  in  the  control  room.  He  is 
responsible  for  running  the  plant  and  maintaining  the  daily  log  sheet. 
He  will  also  record  such  events  as: 


D-19 


-  treatment  upsets: 


power  failure 

control  failure 

elevated  turbidity  in  filtered  water  and/or 

output 

unsatisfactory  residuals 


-  equipment  outage: 


major  pumps 
sampling  pumps 
chemical  feeders 
analyzers 


-  unusual  events: 


heavy  algae  runs 
screen  clogging 
vandal  ism 
others. 


The  Filter  Plant  Assistant   is  responsible  for  the  following 
activities  : 


in  general,  check  operation  of  all  equipment  -  pumps,  motorized 
valves,  mixers,  flocculators  and  drives,  compressors,  chemical  feed 
systems,  instrumentation  and  control  equipment, 

-  observe  operation  of  filters  during  backwashing, 

-  check  and  record  storage  tank  levels  each  day  at  24:00  hours, 

-  collect  hourly  data  for  process  monitoring  and  control  and  run  taste 
tests, 

-  collect  water  samples  for  analysis  in  plant  lab, 

-  backflush  sample  lines  according  to  established  schedule, 

-  confirm  accuracy  of  on-line  monitors  -  pH,  turbidity,  chlorine 
residual , 

-  check  and  prepare  buffer  solutions  for  chlorine  analyzers, 

-  check  flow  rate  accuracy  of  liquid  chemical  metering  equipment, 

-  observe  instrumentation  for  gaseous  chemical  feed  systems, 

confirm   accuracy   of   process   instrumentation   transmitters   by 
comparing  local  indicator  read  outs  with  transmitted  signals  in 
control  room, 
receive  chemical  deliveries, 

-  carry  out  instructions  to  process  changes, 

-  operate  raw  water  screens. 
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exercise  mechanical  standby  equipment  such  as  chemical  feeders, 
sample  pumps, 

-  record  and  inform  FPO  of  any  unusual  events  and  malfunctions, 

-  respond  to  alarm  conditions. 

Lastly,  a  most  important  function  of  the  FPA  is  to  stay  in  constant 
communication  with  the  FPO,  the  FCO  (Filtration  Control  Officer)  in 
case  the  FPO  is  disabled  and  the  laboratory  staff  -  the  Chief  Chemist 
or  Chemist. 


SECTION  E 
PLANT  PERFORMANCE 
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SECTION  E  -  PLANT  PERFORMANCE 

E.l      GENERAL  OVERVIEW 

Plant  operations  and  performance  at  the  Metro  Toronto  R.L.  Clark  Fil- 
tration Plant  were  discussed  with  the  Chief  Works  Supervisor,  the  Works 
Supervisor  Gr.  1,  and  the  Chief  Chemist.  The  plant  is  essentially 
operated  in  a  manual  mode  except  for  the  filters  and  chemical  additions 
which  are  paced  relative  to  raw  and  treated  water  flows.  The  Filter 
RTU  process  controller  was  installed  in  the  early  1980s.  Since  that 
time  filter  operations  have  been  automatic  and  include  automatic  rate 
adjustment  and  filter  backwashing. 

With  the  original  single  medium  sand  filters  problems  were  experienced 
during  the  summer  months  with  short  filter  runs  caused  by  carryover 
from  the  sedimentation  tanks  of  large  amounts  of  algae.  Filter  run 
times  as  short  as  3.3  hours  were  experienced  in  July  1985.  The  fre- 
quent backwashes  disrupted  smooth  filter  operations  and  increased  back- 
wash water  consumption  to  11.5  percent  of  the  total  water  filtered. 
Fortunately,  filter  effluent  quality  was  sustained  for  the  entire 
period  of  the  algae  bloom,  and  for  July  1985  averaged  0.34  FTU  while 
the  range  in  daily  minimum  to  daily  maximum  was  0.21  to  0.50  FTU. 

Following  the  summer  of  1985  Metro  Works  embarked  upon  a  filter  re- 
construction program  whereby  sand  filters  were  replaced  by  dual-media, 
anthracite  and  sand,  filters.  On  October  7,  1986  the  plant  commenced 
operations  with  all  filters  being  of  the  dual-media  type.  Since  then, 
the  problem  with  very  short  filter  runs  has  not  recurred.  Operating 
experience  for  July  1987  indicated  minimum  filter  runs  in  the  order  of 
20  hours  for  the  dual  media  filters. 

The  raw  water  source  is  influenced  by  sewage  treatment  plant  outfalls 
and  other  non-point  sources  of  bacteriological  contamination.  Maximum 
daily  total  coliform  densities  in  the  order  of  7,300  counts/100  mL  have 
been  recorded  during  the  winter  months  when  sewage  treatment  plant 
effluents  were  not  chlorinated.  Control  of  the  bacteriological  quality 
of  the  treated  water  is  thus  a  primary  concern  of  the  Water  Quality 
Di  vi  s  ion  at  the  niant . 
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The  plant  operating  record  for  the  study  period  presented  in  Table  6.0 
attests  to  the  excellent  record  for  treated  water  quality  that  has  been 
achieved.  All  test  results  for  fecal  coliform  and  fecal  streptococcus 
bacteria  were  negative,  and  only  2  samples  out  of  5575  analyzed  during 
the  3-year  period  tested  positive  for  fecal  coliform  organisms  at 
1  count/  100  mL.  For  total  coliform  organisms  37  samples  out  of  6575 
or  <0.6%,  tested  positive  at  1  to  5  counts/100  mL. 

In  order  to  reduce  the  bacterial  counts  during  the  winter  months,  the 
Ministry  of  the  Environment,  Central  Region,  has  instructed  Metro  Works 
to  chlorinate  sewage  effluents  all-year-round  commencing  on  April  1, 
1988. 

Algae  in  the  raw  water  also  are  of  concern  sine»  they  can  cause 
operational  problems  with  the  filters,  particularly  with  the  monomedium 
sand  filters,  and  occasionally  impart  objectionable  taste  and  odour  to 
the  raw  water.  Through  the  use  of  chemical  treatment,  however,  the 
plant  has  consistently  produced  an  odourless  and  taste  free  water  for 
distribution  to  the  consumer. 

E.2      TURBIDITY 

E.2.1     EVALUATION  OF  PARTICULATE  REMOVAL  EFFICIENCY 

a)       Raw  Water  Qua! ity 

Operating  records  for  particulate  removal  at  the  Metro  Toronto  R.L. 
Clark  Water  Filtration  Plant  are  presented  in  Tables  2.0  and  2.1  of 
Appendix  C.  Table  2.0  presents  a  monthly  summary  of  the  average, 
maximum  and  minimum  raw  and  treated  water  turbidity  values  for  1984  to 
1985.  In  addition,  corresponding  values  are  tabulated  for  i)  primary 
coagulant,  ii)  aluminum  residual  in  t.ie  raw  and  treated  water,  iii)  raw 
and  treated  water  pH,  and  iv)  raw  water  temperature.  Daily  values  for 
the  same  parameters  are  presented  in  Table  2.1  for  January,  April,  July 
and  October  for  each  of  1984  to  1985. 

At  the  R.L.  Clark  plant,  particulate  removal  from  the  source  water  is 

achieved   by   sedimentation  and   filtration.    The   efficiencies   of 
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particulate  removal  by  these  processes  are  improved  by  the  addition  of 
alum  for  coagulation  in  rapid  mix  tanks  and  by  tapered  flocculation  of 
the  coagulated  water  prior  to  sedimentation.  The  objective  of  the 
Metropolitan  Toronto  Water  Supply  Division  is  to  produce  the  highest 
achievable  water  clarity  in  the  finished  water  with  the  least  amount  of 
alum  addition  under  any  of  the  occurring  raw  water  turbidity  con- 
ditions. 

Raw  water  is  drawn  through  an  intake  crib  that  is  1615  m  offshore  and 
submerged  by  about  12  m  of  water.  At  this  location  good  raw  water 
quality  exists  throughout  the  entire  year.  This  will  be  evident  from 
the  summary  of  raw  water  characteristics  presented  in  Table  E.l.  The 
average  monthly  turbidity  levels  for  1986  only  varied  from  0.91  to  2.90 
FTU  and  the  yearly  average  value  was  1.61  FTU.  Graphs  for  the  monthly 
variations  in  turbidity,  daily  maximum,  minimum  and  average  values  are 
shown  in  Figure  E.l  for  the  three-year  period  of  record.  Increased 
levels  of  turbidity  were  experienced  for  short  durations  during  spring 
storms  and  in  the  fall  and  winter.  Monthly  daily  maximum  values  ranged 
from  1.20  to  13.80  FTU. 

In  Figure  E.2  turbidity  frequency  curves  are  presented  for  monthly 
maximum  and  average  values.  The  curves  illustrate  the  per  cent  of  time 
a  given  value  of  turbidity  within  the  data  range  was  exceeded  during 
the  three  year  period  of  record.  From  the  graphs  it  will  be  noted  that 
average  monthly  turbidity  is  less  than  4  FTU  97%  of  the  time  and  less 
than  2  FTU  78%  of  the  time.  Daily  maximum  monthly  turbidities  are  less 
than  10  FTU  95%  of  the  time  and  less  than  5  FTU  77%  of  the  time. 

An  analysis  of  the  durations  of  higher  turbidity  events  was  carried 
out.  Table  E.2  summarizes  periods  with  above  average  turbidity  levels. 
In  reference  to  the  data  presented,  it  will  be  evident  that  the  worst 
period  occurred  during  the  first  half  of  April  1985  when  turbidity  in 
the  raw  water  varied  from  about  3  to  14  FTU  and  the  daily  average  value 
was  about  7  FTU. 

These  levels  of  turbidity,  even  though  they  can  persist  for  fifteen 
consecutive  days  or  longer,  are  relatively  low  and  can  be  handled  with 
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appropriate  adjustments  in  coagulant  dosages  without  causing  any 
significant  impact  on  the  quality  of  the  treated  effluent. 

A  greater  variation  in  turbidity  occurs  on  an  hourly  basis.  This  was 
evident  from  the  plant  record  which  documents  the  minimum  and  maximum 
values  obtained  from  the  hourly  test  results.  For  the  three-year  record 
hourly  maximum  turbidity  levels  ranged  from  about  2  to  30  FTU  and  are 
more  than  twice  as  high  as  daily  maximum  values.  Thoco  fluctuations, 
although  of  short  duration,  can  also  affect  treatment  plant  per- 
formance. No  problem  have  been  encountered,  however,  in  view  the 
immediate  action  that  is  taken  by  the  operators  in  adjusting  the 
coagulant  dosage. 

Periods  of  high  raw  water  turbidity  events  fortunately  coincide  with 
lower  demand  as  illustrated  in  Figure  E.3  which  tends  to  lessen  the 
impact  of  higher  than  normal  solids  loadings  on  settling  performance. 

b)      Particulate  Removal 

The  removal  of  particulate  matter  is  achieved  by  chemical  coagulation 
and  flocculation  followed  by  sedimentation  and  filtration.  Since  1984 
liquid  alum  has  been  used  again  as  the  coagulant;  in  the  two  previous 
years  ferric  chloride  was  used.  The  alum  dosage  is  selected  on  the 
basis  of  a  dosage  guide  and  operating  criteria  presented  previously  in 
Section  D.5.1.  The  actual  operating  dosage  that  was  applied  during  the 
period  of  study  is  shown  graphically  in  Figure  E.4.  Upper  and  lower 
boundaries  define  the  band  of  alum  applied  for  raw  water  turbidities 
varying  from  0  to  14  FTU.  The  range  in  the  applied  alum  dosage  varies 
somewhat,  reflecting  the  dynamic  characteristics  of  the  raw  water,  but 
is  consistent  with  the  overall  plant  policy  for  dosage  selection. 

The  overall  treatment  plant  performance  with  regard  to  particulate  re- 
moval was  very  good  as  is  evident  from  the  summary  of  the  operating 
record  presented  in  Table  2.0  of  Appendix  C  and  the  illustration  in 
Figure  E.5.  On  a  monthly  average  basis,  it  will  be  noticed  that  the 
turbidity  in  the  treated  water  ranged  from  0.17  to  0.25  FTU  in  1985. 
0.15  to  0.34  FTU  in  1985  and  0.17  to  0.34  FTU  in  1984.  The  yearly 
average  values  for  the  three  respective  years  were  0.20.  0.26  and  0 .  2*1 
FTU. 
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TABLE  E. 1 
LAKE  ONTARIO  RAW  WATER  CHARACTERISTICS  IN  1986 
(At  the  Toronto  R.L.  Clark  W.T.P.  Intake) 


Average 

Algae 

Average 

Average 

Month 

Turbidity 

Count 

PH 

Temperature 

T 

ot . 

Colif orm 

1986 

FTU 

ASU/mL 
71 

Units 
8.2 

°C 
3.9 

Ç 

oun 

t/100  mL 

January 

1.70 

45 

February 

2.00 

6.6 

8.2 

2.5 

77 

March 

2.60 

135 

8.2 

3.2 

23 

Apr  i  1 

1.10 

85 

8.2 

4.8 

37 

May 

0.91 

484 

8.4 

7.4 

15 

June 

0.94 

493 

8.3  ■ 

7.9 

17 

July 

1.10 

756 

8.3 

10.2 

10 

August 

1.40 

91 

8.1 

11.4 

36 

September 

1.60 

312 

8.  1 

10.9 

55 

October 

1.60 

181 

8.  1 

8.6 

260 

November 

1.50 

284 

8.  1 

7.6 

176 

December 

2.90 

210 

8.0 

4.9 

495 

TABLE  E.2 
HIGH  RAW  WATER  TURBIDITY  EVENTS 


1984 


1986 


Turbidity 

Date 

(FTU) 

1984 

Feb. 

14 

0.8 

Feb. 

15 

3.4 

Feb. 

16 

6.9 

Feb. 

17 

3.5 

Feb. 

18 

2.3 

Feb. 

19 

2.4 

Feb. 

20 

2.3 

Feb. 

21 

5.7 

Feb. 

22 

5.1 

Feb. 

23 

7.1 

Feb. 

24 

4.5 

Feb. 

25 

3.0 

Feb. 

26 

2.6 

Feb. 

27 

2.3 

Feb. 

28 

5.0 

Feb. 

29 

4.3 

1985 

Dec. 

31- 

84  1.63 

Jan  . 

01 

6.43 

Jan  . 

02 

4.  15 

Jan . 

03 

2.88 

Jan  . 

04 

3.62 

Jan  . 

05 

2.50 

Jan  . 

06 

2.40 

Jan  . 

07 

5.28 

Jan  . 

08 

3.37 

Turbidity 

Date 

(FTU) 

1985 

Feb. 

24 

0.70 

Feb. 

25 

4.45 

Feb. 

26 

9.46 

Feb. 

27 

11.50 

Feb. 

28 

5.13 

Mar. 

01 

5.04 

Mar. 

02 

0.64 

Mar. 

03 

1.86 

Mar. 

04 

9.67 

Mar. 

05 

8.80 

Mar. 

06 

6.05 

Mar. 

07 

6.65 

Mar. 

08 

7.52 

Mar. 

09 

8.88 

Mar. 

10 

5.18 

Mar. 

11 

5.00 

Mar. 

12 

3.91 

Mar. 

13 

3.63 

Mar. 

14 

4.56 

Mar. 

15 

6.15 

Mar. 

16 

9.71 

Mar. 

17 

4.48 

Mar. 

30 

2.05 

Mar. 

31 

7.14 

Apr . 

01 

7.66 

Apr. 

02 

6.82 

Apr. 

03 

9.15 

Apr. 

04 

13.80 

Apr. 

05 

8.38 

Apr. 

06 

7.64 

Apr. 

07 

4.45 

Apr. 

08 

6.49 

Apr. 

09 

9.09 

Apr. 

10 

4.49 

Apr. 

11 

3.41 

Apr. 

12 

6.34 

Apr. 

13 

6.31 

Apr. 

14 

5.36 

Apr  . 

15 

2.46 

Turbidity 

Date 

.fFTU) 

1985 

Nov. 

15 

2.01 

Nov. 

16 

5.64 

Nov. 

17 

7.08 

Nov. 

18 

3.34 

Nov. 

19 

2.70 

Nov. 

20 

3.58 

Nov. 

21 

1.78 

Nov. 

22 

7.08 

Nov. 

23 

4.36 

1986 

Jan. 

26 

2.8 

Jan . 

27 

5.0 

Jan . 

28 

1.5 

Feb. 

06 

2.3 

Feb. 

07 

8.0 

Feb. 

08 

5.3 

Feb. 

09 

2.8 

Mar. 

19 

3.5 

Mar. 

20 

4.3 

Mar. 

21 

7.7 

Mar. 

22 

5.9 

Mar. 

23 

4.0 

Mar. 

24 

5.9 

Mar. 

25 

5.8 

Mar. 

26 

3.9 

Mar. 

27 

1.5 

Nov. 

30 

1.7 

Dec. 

01 

3.7 

Dec. 

02 

8.5 

Dec. 

03 

3.7 

Dec. 

04 

1.8 

Dec. 

24 

2.3 

Dec. 

25 

5.4 

Dec. 

26 

3.  1 

Dec. 

27 

7.  1 

Dec. 

28 

2.4 
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PLANT  PERFORMANCE  DURING  PERIODS  OF 
HIGH  RAW  WATER  TURBIDITY  EVENTS  -  1984  TO  1986 


Average 

Day  Turbid] 

Lty,  FTU 

Alum 

Flow 

Date 

Raw 

Settled 

Filtered 

">R/L 

ML/d 

Feb. 

14 

0.85 

0.84 

0.25 

3 

401 

Feb. 

14 

3.4 

2.4 

0.35 

5 

360 

Feb. 

16 

6.9 

6.0 

0.35 

6 

408 

Feb. 

17 

3.5 

3.3 

0.37 

4 

407 

Feb. 

18 

2,3 

2.2 

0.32 

3 

290 

Feb. 

19 

2.4 

2.1 

0.37 

3 

288 

Feb. 

20 

2.3 

2.2 

0.32 

4 

326 

Feb. 

21 

5.7 

4.5 

0.98 

6. 

5 

257 

Feb. 

22 

5.  1 

4.7 

0.27 

6 

394 

Feb. 

23 

7.1 

5.0 

0.56 

8. 

5 

335 

Feb. 

24 

4.5 

4.5 

0.24 

5 

368 

Feb. 

25 

3.0 

2.8 

0.20 

3 

347 

Feb. 

26 

2.6 

2.6 

0.27 

3 

297 

Feb. 

27 

2.3 

3.0 

0.24 

3 

350 

Feb. 

28 

5.0 

4.1 

0.27 

5 

329 

Feb-. 

29 

4.3 

3.7 

0.22 

5 

329 

Dec . 

31 

1.63 

1.80 

0.  12 

4. 

0 

288 

Jan . 

01 

6.43 

2.00 

0.14 

5. 

7 

296 

Jan. 

02 

4.  15 

2.62 

0.19 

4. 

1 

292 

Jan . 

03 

2.88 

3.  12 

0.22 

3. 

2 

411 

Jan  . 

04 

3.62 

3.46 

0.20 

4. 

5 

379 

Jan  . 

05 

2.50 

2.81 

0.17 

2. 

8 

314 

Jan . 

06 

2.40 

2.  18 

0.19 

2. 

5 

338 

Jan  . 

07 

5.28 

3.39 

0.20 

4. 

3 

405 

Jan . 

08 

3.37 

2.33 

0.17 

3. 

8 

368 

Feb. 

24 

0.70 

0.80 

0.22 

1. 

9 

343 

Feb. 

25 

4.45 

2.98 

0.30 

5. 

7 

383 

Feb. 

26 

9.46 

4.75 

0.23 

7 

331 

Feb. 

27 

11.50 

8.20 

0.29 

6. 

7 

393 

Feb. 

28 

5.13 

3.63 

0.25 

6. 

5 

333 

Mar. 

01 

5.09 

3.74 

0.30 

5 

367 

Mar. 

02 

0.64 

1.02 

0.16 

4 

326 

Mar. 

03 

1.86 

1.49 

0.30 

4 

349 

Mar. 

04 

9.67 

2.63 

0.18 

6 

312 

Mar. 

05 

8.80 

3.59 

0.15 

6 

377 

Mar. 

06 

6.05 

3.84 

0.20 

6 

332 

Mar. 

07 

6.65 

4.73 

0.  18 

5 

359 

Mar. 

08 

7.52 

5.86 

0.  19 

6 

407 

Mar. 

09 

8.88 

4.24 

0.  19 

7 

294 

Mar. 

10 

5.18 

3.85 

0.  16 

5 

376 

Mar. 

11 

5.00 

3.88 

0.21 

4 

343 

Mar. 

12 

3.91 

2.69 

0.22 

4 

364 

Mar. 

13 

3.63 

3.01 

0.20 

3 

381 

Mar. 

14 

4.56 

3.82 

0.27 

4 

377 

Mar. 

15 

6.  15 

5.06 

0.30 

5 

374 

Mar. 

16 

9.71 

6.31 

0.37 

8. 

5 

356 

Mar. 

17 

4.  48 

3.05 

0.21 

7 

294 

1986 
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E.3   (Cont 

inued) 

Page 

Average 

Day  Turbit 

ity,  FTU 

AlUD 

Flow 

Date 

Raw 

Settled 

Filtered 

"R/L 

ML/d 

Mar. 

30 

2.05 

1.80 

0.15 

5 

366 

Mar. 

31 

7.14 

2.74 

0.12 

6 

377 

Apr. 

01 

7.66 

2.55 

0.15 

6 

337 

Apr. 

02 

6.82 

2.59 

0.17 

7.5 

359 

Apr. 

03 

9.15 

3.19 

0.22 

7 

352 

Apr. 

04 

13.80 

4.44 

0.27 

8.5 

320 

Apr. 

05 

8.38 

2.12 

0.17 

•7.5 

296 

Apr. 

06 

7.84 

3.56 

0.17 

6 

392 

Apr. 

07 

4.45 

2.86 

0.  19 

4 

337 

Apr. 

08 

6.49 

3.56 

0.25 

6 

341 

Apr. 

09 

9.09 

4.26 

0.27 

8 

325 

Apr. 

10 

4.49 

2.76 

0.15 

6 

388 

Apr. 

11 

3.41 

2.38 

0.  17 

5 

384 

Apr. 

12 

6.34 

3.11 

0.38 

6.5 

371 

Apr. 

13 

6.31 

2.48 

0.23 

7 

378 

Apr. 

14 

5.36 

1.71 

0.  19 

6 

318 

Apr. 

15 

2.46 

1.63 

0.20 

5 

349 

Nor.. 

15 

2.01 

1.93 

0.34 

4 

431 

Nov. 

16 

5.64 

1.73 

0.30 

5 

396 

Nov. 

17 

3.14 

1  .66 

0.27 

5 

338 

Nov. 

18 

3.34 

2.50 

0.29 

4 

419 

Nov. 

19 

2.70 

1.70 

0.22 

5 

388 

Nov. 

20 

3.58 

2.43 

0.29 

4 

390 

Nov. 

21 

1.78 

1.27 

0.30 

4 

369 

Nov. 

22 

7.08 

1.90 

0.30 

4 

428 

Nov. 

23 

4.36 

2.35 

0.29 

5 

378 

Jan . 

26 

2.8 

1.2 

0.  19 

3 

135 

Jan . 

27 

5.0 

1.5 

0.24 

6.5 

155 

Jan  . 

28 

1.5 

1.0 

0.  15 

3 

150 

Feb. 

06 

2.3 

1.6 

0.21 

3 

516 

Feb. 

07 

8.0 

2.6 

0.17 

5 

493 

Feb. 

08 

5.3 

2.6 

0.  16 

4 

414 

Feb. 

09 

2.8 

2.2 

0.  16 

3 

486 

Mar. 

19 

3.5 

2.6 

0.20 

5 

400 

Mar. 

20 

4.3 

2.0 

0.20 

4 

228 

Mar. 

21 

7.7 

1.4 

0.22 

6 

158 

Mar. 

22 

5.9 

1.7 

0.21 

6 

152 

Mar. 

23 

4.0 

1.2 

0.20 

6 

118 

Mar. 

24 

5.9 

1.4 

0.29 

5 

104 

Mar. 

25 

5.8 

1.9 

0.38 

5 

59 

Mar. 

26 

3.9 

2.1 

0.38 

5 

163 

Mar. 

27 

1.5 

1.7 

0.20 

4 

452 

Dec. 

24 

2.3 

1.3 

0.  15 

4 

326 

Dec. 

25 

5.  4 

1.4 

0.  17 

5 

280 

Dec  . 

26 

3.  1 

1.3 

0.  17 

5 

280 

Dec. 

27 

7.  1 

2.5 

0  .  22 

5 

277 

Dec. 

28 

2.4 

1.5 

0.  17 

5 

280 

TABLE  E.4 

TORONTO  R.L.  CLARK  W.T.P.  -  PROCESS  LOADING  CHARACTERISTICS 

1986  Plant  Flows.  ML/d       Design        Rated 
Yearly  Avg.  Max.  Day  Min.  Dayi   Flow,  ML/d  Capacity , ML/d 
Process  Unit  393.8 599.0 128.0       454.6 659.0 

Rapid  Mix  Tanks 

-  Det.  Tine,  min.  1.38        0.90       1.41        1.2          0.83 

-  G  Value,  s-1  300         300        300        300           300 

-  Gt  Product  24,800      25,400     25,400      21,66        15,000 

Flocculation  Tanks 

-  Det.  Tine,  min. 

.  Primary  19.8        13.0       20.3        17.1         11.8 

.  Secondary  29.5        19.4       30.2        25.5"         17.6 

.  Combined  49.3        32.4       50.5        -42.6         29.4 

-  G  Value,  s-1 

•Primary,  Tank  1  66          66         66          66           66 
.  Primary. 

Tanks  2  &  3  46          46         46          46           46 

.  Secondary  25          25         25          25           25 

-  Gt  Product 

.  Combi-ned,  Tank  1  122,600     80,500    125,700     106,400       73,100 
.  Combined, 

Tanks  2  &  3  98,800     64,800    101,300      85,800       59,000 

Sedimentation  Tanks 

-  Det.  Time,  h  3.3         2,2        3.4         2.9          2.0 

-  Surface  Overflow 

Rate,  m/h  2.10        3.20       2.05        2.43         3.52 

Filters 

-  Filter  Rate,  m/h  4.69        7.14      varies       5.42         7.86 


1.  One  treatment  module  in  operation. 
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Plant  performance  on  a  daily  basis  is  presented  in  Table  2.1  of 
Appendix  C  for  January,  April,  July  and  October  for  each  of  the  three 
years  studied.  Daily  average  treated  water  turbidities  generally  were 
in  the  order  of  0.20  FTU;  the  minimum  and  maximum  values  recorded  were 
0.11  FTU  and  0.47  FTU  respectively.  For  January  1985  effluent  tur- 
bidities were  consistently  below  0.20  FTU;  a  minimum  daily  average  of 
0.10  FTU  was  recorded  and  the  average  for  the  month  was  0.15  FTU.  This 
was  the  best  effluent  turbidity  achieved  over  the  three  year  study 
period . 

A  review  of  plant  performance  during  periods  of  high  raw  water  tur- 
bidity was  carried  out.  Table  E.3  presents  plant  operating  data  for 
periods  with  high  raw  water  turbidity.  Data  selection  was  based  on: 

-  above  normal  raw  water  turbidities; 

-  poor  performance  of  settling  basins; 

-  filtered  water  effluent  turbidity  higher  than  normal. 

By  examining  the  data  in  Table  E.3  it  will  be  noticed  that: 

-  settling  tank,  performance  was  unsatisfactory  particularly  with  low 
raw  water  turbidities  and  high  flow  rates; 

-  in  spite  of  poor  settling  tank  performance,  filter  effluent  tur- 
bidities were  low  for  the  entire  duration  of  adverse  raw  water 
quality  conditions.  Effluent  turbidity  values  ranged  from  0.12  to 
0.38  FTU  (apart  from  two  higher  values  of  0.56  and  0.98  FTU)  and  the 
overall  average  was  0.25  FTU; 

-  at  no  time  vas  the  drinking  water  objective  for  turbidity  of  1.0  NTU 
exceeded  in  the  plant  output. 

With  regard  to  effluent  turbidity,  both  single  and  dual  media  gravity 
filters  achieved  good  results.  The  main  reason  for  the  poor  performance 
of  sedimentation  tanks  may  be  attributed  to  the  high  surface  overflow 
rates  that  prevail  for  flows  greater  than  200  to  250  ML/d . 
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Process  loading  characteristics  for  various  plant  flows  are  tabulated 
in  Table  E.4.  From  the  table  it  will  be  noticed  that  sedimentation  tank 
overflow  rates  with  all  units  in  operation  were  as  follows: 

Surface 
Flow,  ML/d  Overflow  Rate,  m/h 

393.8  -  1986  average  flow  2.10 

599.0  -  1987  maximum  flow  3.20 

454.6  -  design  capacity  2.43 

659.0  -  rated  plant  capacity  3.52 

In  comparison,  typical  sedimentation  tank  overflow  rates  for  settling 
of  alum  floe,  as  recommended  by  the  AWWA  for  design  purposes,  vary  from 
0.61  to  0.93  m/h. 

Jar  tests  were  performed  on  the  raw  water  to  establish  the  optimum  alum 
dosage.  These  tests  will  be  discussed  later.  Jar  test  results  and 
settling  velocity  distribution  curves  are  presented  in  Appendix  B.  From 
the  settling  velocity  distribution  curves,  sedimentation  tank  overflow 
rates  fall  in  the  range  of  0.75  to  1.2  m/h.  This  range  is  consistent 
with  the  recommendation  of  the  AWWA  and  tends  to  confirm  our  conclusion 
that  existing  sedimentation  tanks  are  hydraul ical ly  overloaded. 
Fortunately  raw  water  turbidity  is  relatively  low  even  during  periods 
with  adverse  raw  water  quality.  Hence  treatment  can  be  achieved  by 
direct  filtration  with  dual  media  filters,  and  the  performance  of  the 
sedimentation  tanks  is  of  lesser  importance.  Under  existing  flow 
rates,  sedimentation  tanks  act  as  roughing  basins  that  remove  the 
larger  particles  and  provide  contact  time  for  chemical  reactions  to  go 
to  completion. 

Othe-  process  loading  characteristics  given  in  Table  E.4  for  the  rapid 
mix  tanks,  flocculation  tanks  and  filters  are  generally  within  the 
acceptable  design  ranges  for  these  processing  units. 

Filter  performance  is  measured  generally  in  terms  of  effluent  quality 
in  relation  to  turbidity;  however,  the  length  of  filter  run  is  also 
important  in  establishing  the  filter's  net  water  production  capability. 
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Solids  loadings  as  determined  by  the  levels  of  turbidity,  coagulating 
chemicals  and  algae  in  the  feed  water,  will  influence  the  length  of 
filter  runs.  For  February  1984  the  average  filter  run  length  for 
single  medium  filters  was  21  hours  while  for  the  two  dual  media  filters 
it  was  66  hours.  For  July  1984,  with  an  average  algae  density  in  the 
raw  water  of  961  A.S.U.  per  mL  (range  542  to  1599  A.S.U.  per  mL),  the 
average  lengths  of  filter  runs  were  5  hours  for  the  single  medium  and 
20  hours  for  the  dual  media  filters.  The  wash  water  consumption  for 
this  month  was  8.5%  of  the  total  water  filtered. 

In  July  1985,  with  an  average  algae  count  of  1205  A.S.U.  per  mL  in  the 
raw  water  (range  533  to  2015  A.S.U.  per  mL)  single  medium  filters  were 
backwashed  up  to  120  times  per  day  and  the  monthly  average  filter  run 
time  was  3.3  hours.  The  dual  media  filters  did  quite  a  bit  better  and 
achieved  an  average  filter  run  of  13  hours.  During  this  month  the 
amount  of  wash  water  used  was  11.5%  of  the  total  amount  of  water  fil- 
tered. This  represents  a  very  high  rate  of  backwash  water  consumption 
which  would  significantly  affect  the  plant  production  capacity.  Fur- 
thermore, the  frequent  filter  backwashes  may  lead  to  a  deterioration  in 
overall  filter  effluent  quality  as  a  result  of  initial  higher  tur- 
bidities in  the  effluent  during  the  filter  ripening  period.  The  normal 
amount  of  wash  water  consumption  with  the  sand  filters  plus  two  dual 
media  filters  was  in  the  range  of  4  to  5%;  a  minimum  value  of  1.7%  was 
achieved  in  February  1985. 

The  amount  of  wash  water  used  for  a  normal  filter  backwash  is  about 
1200  m^ .  This  volume  is  relatively  constant  for  each  wash  and  is 
generated  by  the  pre-programmed  filter  backwash  cycle.  Slight 
variations  in  the  volume  will  occur  because  the  cycle  time  is  not  con- 
stant. A  wash  is  automatically  terminated  by  a  turbidity  meter  when 
the  effluent  turbidity  in  the  wash  water  reaches  20  NTU  .  The  total 
daily  consumption  therefore  is  dependent  mainly  upon  the  daily  number 
of  washes  required  to  maintain  operations.  It  is  relatively  indepen- 
dent of  the  type  of  filter  (sand  or  dual  media)  being  washed  since  the 
same  backwash  program  is  u'sed  for  either  type  of  filter. 
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By  October  7,  1986  all  sand  filters  had  been  rebuilt  to  dual  media, 
anthracite  and  sand,  filters.  The  operation  of  these  filters  resulted 
in  immediate  benefits  in  the  form  of: 

1)  longer  filter  runs,  and 

2)  a  lower  consumption  of  filter  backwash  water. 

The  real  advantage  of  the  dual  media  filters,  however,  wa'  "-^t  evident 
until  July  1987  during  the  peak  of  the  algae  bloom  when  the  plant  could 
maintain  at  least  a  24  hour  filter  run. 

While  the  single  medium  sand  filters  plant  capacity  was  limited  during 
the  peak  summer  demand  period  due  to  algae  in  the  raw  water,  this 
limitation  no  longer  exists  with  the  dual  media  filters. 

c)       Treatabi 1 ity  Tests 

Jar  tests  were  performed  on  Lake  Ontario  water  taken  from  the  R.L. 
Clark  plant  on  August  31,  1987.  Two  tests  were  carried  out  to  estab- 
lish the  optimum  alum  dosage  for  treatment.  Parameters  evaluated  in 
selecting  the  optimum  dosage  included:  time  to  visibility  of  first 
floe,  floe  appearance,  floe  size  and  quantity,  settling  velocity,  and 
turbidity  of  filtrate  from  a  laboratory  filter  paper. 

Test  procedures  and  results  obtained  are  presented  in  Appendix  B.  Re- 
sults for  settled  water  turbidity  are  plotted  in  terms  of  settling 
velocity  distribution  curves  for  each  test.  Settling  velocities 
measured  ranged  from  5  cm/min.  (3.6  m/h)  to  0.47  cm/min.  (0.28  m/h). 

The  raw  water  quality  for  the  two  tests  was  as  follows: 


Jar  Test  1 

Turbidity,  NTU 

1.21 

Colour,  ACU 

5 

Temperature,  °C 

19 

pH,  units 

7.88 

J 

ar 

Test 

2 

1. 

2 

5 

19 

7. 

.86 
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Test  1  established  the  range  for  the  optimum  alum  dosage  to  be  between 
4  and  12  mg/L  based  primarily  on  a  consideration  of  filtered  water  tur- 
bidity. In  view  of  the  low  raw  water  turbidity,  settled  water  tur- 
bidity was  not  a  good  indicator  for  selecting  the  optimum  dosage.  As 
can  be  seen  from  the  settling  velocity  distribution  curves  for  Test  1, 
a  dose  of  8  to  12  mg/L  or  higher  gave  good  settling  of  floe  at  re- 
latively high  velocities.  However,  lower  doses  still  formed  a  filter- 
able floe,  and  resulted  in  good  filtered  water  turbidities.  This  is 
evident  from  Test  2  where  a  good  filtered  effluent  quality  of  0.08  NTU 
was  achieved  with  a  dose  of  3.0  mg/L.  For  a  settleable  floe  similar 
filtered  water  effluent  quality  was  achieved  with  an  alum  dose  of  6  or 
8  mg/L.  With  these  latter  dosages  the  maximum  acceptable  settling 
velocity  in  the  jar  would  be  2.5  cm/min.  or  1.5  m/h .  For  design  pur- 
poses this  settling  velocity  would  translate  to  a  maximum  sedimentation 
tank  overflow  rate  of  0.75  m/h  which  is  well  below  the  design  rate  of 
the  existing  basins.  For  this  reason  it  is  concluded  that  the  plant 
essentially  operates  in  the  direct  filtration  mode  and  that  the  optimum 
alum  dosage  should  be  selected  on  the  basis  of  filtered  water  quality 
rather  than  on  floe  characteristics  that  will  result  in  optimum 
settling.  Hence,  from  Test  2,  the  most  favourable  alum  dosage  for 
plant  use  with  similar  raw  water  quality  would  be  3.0  mg/L  which  is 
consistent  with  the  actual  alum  dosage  that  was  applied  at  the  time. 

Experience  has  shown  that  the  glass  fibre  filters  used  in  the  jar  test 
give  results  that  are  very  close  to  the  performance  of  full-scale  dual 
media  filters. 

d)       Capability  of  Existing  Plant 

Since  start-up  of  the  renovated  filters,  a  maximum  day  raw  water  flow 
of  599  ML/d  was  recorded  for  October  22,  1986.  The  raw  water  turbidity 
on  this  day  was  1.3  FTU  and  the  algae  count  about  228  A.S.U.  per  r.L. 
The  raw  water  was  treated  with  3.0  mg/L  of  alum  and  a  filtered  water 
effluent  turbidity  of  0.21  FTU  was  achieved.  Although  the  operating 
record  for  July  1987  was  not  examined,  it  is  believed  that  a  flow  equal 
to  or  greater  than  the  rated  plant  capacity  of  659.0  ML/d  can  be 
treated  under  all  raw  water  quality  conditions  experienced  to-date  with 
the  source  water. 
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E.2.2     OPTIMUM  PERFORMANCE  OPTIONS 

The  operational  record,  reviewed  and  discussed  in  the  previous  section, 
in  relation  to  the  current  Ontario  objective  of  1.0  NTU  turbidity  in 
the  treated  water,  indicates  good  performance  is  being  achieved  by  the 
plant  with  regard  to  the  removal  of  particulate  matter.  Several 
alternatives  that  might  further  improve  the  removal  of  particulate 
matter  include  the  following: 

Option  1  -  Application  Point  of  Alum  Coagulant 

Several  years  ago  the  alum  application  points  at  the  rapid  mixers  were 
changed  due  to  failure  of  the  supply  piping.  A  common  diffuser  was 
installed  in  the  conduit  leading  to  the  rapid  mixers.  Adequate 
chemical  dispersion  is  not  achieved  at  this  location  and  the  efficiency 
of  coagulation  may  be  impaired. 

The  efficiency  of  coagulation  will  be  improved  by  applying  the  alum 
directly  to  the  rapid  mixers  in  order  to  achieve  complete  and  uniform 
dispersion  of  the  coagulant  in  the  shortest  possible  time.  For  this 
reason,  the  original  application  points  below  the  first  rapid  mixer  in 
each  tank  should  be  reinstated. 

Option  2  -  Monitoring  and  Control  of  Coagulant  Dosage 

The  Streaming  Current  Detector  (S. CD.)  is  a  continuous  sampling,  on- 
line instrument  for  monitoring  the  optimum  coagulant  dosage  relative  to 
a  predetermined  set-point.  The  S.C.D.  output  signal  can  be  continuous- 
ly recorded  and  is  available  for  activating  high/low  alarms  and  for 
coagulant  feed  control.  The  instrument  apparently  can  indicate 
coagulant  overdosing  or  underdosing  and  is  claimed  to  be  the  best  in- 
strument currently  available  for  control  of  the  coagulatic:i  process. 

It  is  understood  that  Metro  Works  has  done  some  initial  testing  with  a 
S.C.D.  at  the  Easterly  Filtration  Plant  and  that  results  were  unsatis- 
factory because  of  non-repeatability  of  the  output  signal  for  similar 
water  quality.  In  spite  of  these  initial  adverse  results,  it  is  sug- 
gested that  additional  testing  be  carried  out,  perhaos  ove-"  a  longe'- 
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time  period,  in  order  to  fully  evaluate  the  potential  for  using  a 
S.C.D.  to  control  the  coagulation  process  at  the  R.L.  Clark  plant. 

Option  3  -  Flocculant  Aid 

It  is  not  suggested  to  change  the  current  practice  of  selecting  the 
alum  dosage  on  the  basis  of  the  filter  effluent  turbidity  rather  than 
optimizing  particulate  removal  by  sedimentation.  Under  the  current 
practice  chemical  consumption  is  optimized  on  the  basis  of  utilizing 
the  direct  filtration  process  for  treatment.  Experience  has  proven  the 
feasibility  of  this  mode  of  operation  with  raw  water  of  low  turbididy 
for  most  of  the  time  during  the  year.  Operational  problems  with  the 
original  filters  were  experienced  due  to  relatively  high  solids  load- 
ings as  a  result  of  high  raw  water  turbidity  or  high  algae  counts. 
These  problems  have  been  eliminated  by  changing  filters  to  dual  media 
which  have  a  much  higher  solids  holding  capacity  compared  with  single 
medium  sand  filters. 

The  length  of  filter  runs  can  be  extended  by  optimization  of  solids  re- 
moval in  the  sedimentation  basins.   It  is  suggested  that  consideration 
be  given  to  the  application  of  a  cationic  polyelectrolyte  as  a  floccula- 
tion  aid  to  increase  the  rate  of  settling  during  periods  of  high  tur- 
bidity and  high  algae  counts  in  the  raw  water. 

Option  4  -  High  Rate  Settling  Tubes 

If,  in  the  future,  solids  removal  by  sedimentation  prior  to  filtration 

becomes  a  necessary  component  of  the  treatment  process,  then  existing 

sedimentation  basins  can  be  upgraded  by  installing  high  rate  settling 
tubes  or  parallel  plate  settlers. 

Option  5  -  Filter  Aid 

Non-ionic  polymers  have  been  used  with  success  in  the  direct  filtration 
process  to  strengthen  the  alum  floe  and  to  prevent  breakthrough  from 
occurring  prior  to  reaching  terminal  head  loss.  Some  researchers  have 
also  found  that  a  non-ionic  polymer  applied  as  a  filter  aid  will 
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improve  filter  effluent  quality  and  reduce  the  filter  ripening  period 
following  start-up  of  a  washed  filter. 

The  benefits  of  using  a  non-ionic  polymer  filter  aid  at  the  R.L.  Clark 
plant  should  be  investigated. 

Option  6  -  Filter  Operation 

The  performance  of  the  dual  media,  high  rate  filters  may  be  further 
improved  on  a  continuous  basis  by: 

(1)  minimizing  hydraulic  surges  by  installing  ramp  controlled  valve 
operators; 

(2)  adding  a  polymer  or  primary  coagulant  (non-ionic  or  anionic  poly- 
mer; alum)  to  the  filter  backwash  water  to  reduce  the  initial  high 
effluent  turbidity  and  filter  ripening  period; 

(3)  modifying  filter  effluent  piping  to  permit  filtering  to  drain  at 
start-up; 

(4)  continuing  the  practice  of  allowing  a  filter  to  rest  for  about 
15  minutes  after  a  wash  before  reinstatement  into  service. 

Each  of  the  above  sub-options  is  briefly  discussed  below. 

Option  6  (1)  -  Hydraulic  Flow  Surges 

Hydraulic  surges  within  a  filter  generally  result  in  deteriorated  fil- 
ter effluent  quality.  Surges  can  occur  in  on-line  filters  due  to  a 
sudden  change  in  flow  rate  as  a  result  of  increased  pumping  or  when  a 
filter  is  taken  out  of  service  for  backwashing.  These  surges  mcy  be  as 
critical  to  filter  effluent  quality  as  is  the  hydraulic  surge  that 
occurs   during  start-up  of  a  filter. 

Surges  in  on-line  filters  can  be  minimized  by  maintaining  the  maximum 
number  of  filters  in  operation  thus  filtering  at  the  lowest  possible 
rate  and  by  minimizing  the  rate  of  change  of  raw  water  pumping. 
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Upon  start-up  of  a  washed  filter,  the  initial  hydraulic  surge  can  be 

minimized  by  gradually  opening  the  rate  control  valve.  This  can  be 

achieved  automatically  by  installing  ramping-type  valve  operators  on 
filter  rate  control  valves. 

Option  6  (2)  -  Filter  Conditioning 

As  with  the  use  of  a  filter  aid,  filter  conditioning  by  adding  a  poly- 
mer (non-ionic  and  anionic)  or  primary  coagulant  such  as  alum  to  the 
wash  water  near  the  end  of  the  backwash  cycle  may  reduce  the  peak  and 
duration  of  the  initial  high  turbidity  during  the  filter  ripening 
period.  It  is  suggested  that  trials  be  carried  out  to  establish  the 
feasibility  of  this  option  for  implementation  at  the  R.L.  Clark  Filtra- 
tion Plant. 

Option  6  (3)  -  Filter  to  Drain 

A  further  option  for  reducing  the  initial  high  filter  effluent  tur- 
bidity after  start-up  is  to  filter  to  drain  for  the  first  20  to  30 
minutes.  Special  filter  effluent  piping  equipped  with  automatically 
controlled  valves  may  be  required  for  implementation  of  this  option. 
It  is  suggested  that  the  feasibility  and  benefit  of  filtering  to  drain 
be  established  by  full-scale  testing  at  reduced  filter  rates  using  the 
manually  controlled  filter  drain  pipe. 

Filtering  to  drain  would  increase  the  time  a  filter  being  washed  is  out 
of  service  and  increase  the  wash  water  consumption  by  42  to  64  percent 
at  the  maximum  flow  of  659,000  m^/d  (that  is,  for  a  filter  wash  water 
consumption  rate  of  5%,  filtering  to  drain  would  increase  total  con- 
sumption to  7.1%  to  8.2%). 

Option  6  (4)  -  Filter  Rest  Period 

The  practice  of  allowing  a  filter  to  rest  after  a  wash  is  already  being 
used  at  the  R.L.  Clark  plant  and,  if  warranted,  this  practice  should  be 
continued.  The  assumption  is  that  during  the  rest  period  the  filter 
media  will  compact  and  return  to  conditions  similar  to  those  prior  to 
backwash ing. 
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E.3       DISINFECTION 
E.3.1     PROCESS  EVALUATION 

a)  Chlorination  Equipment 

The  plant  includes  a  separate  gaseous  chemical  building  equipped  with 
storage  and  feed  facilities  for: 

-  chlorine 

-  sulphur  dioxide 

-  anhydrous  ammonia 

-  hydrof luosil icic  acid. 

The  gaseous  chemical  feed  equipment  is  described  in  Section  C.4.2  and 
summarized  in  Table  C.l. 

b)  Appl ication  Points 

Chlorine  gas  in  solution  form  is  applied  at  the  raw  water  conduit  for 
prechlorination,  at  the  clear  well  inlet  for  postchlorination  (normal 
mode),  and,  as  an  alternate  to  postchlorination,  at  the  treated  water 
reservoir  inlet  for  final  chlorination.  Superchlorination  is  practiced 
in  the  postchlorination  mode  when  required  to  control  high  levels  of 
bacterial  contamination,  trace  organics,  and  taste  and  odour.  The 
final  effluent  is  ammoniated  to  maintain  a  stable  residual  in  the  dis- 
tribution system.  For  a  detailed  description  of  the  disinfection  prac- 
tices employed,  reference  is  made  to  Section  D.3  of  this  report. 

c)  Dosages  and  Control 

A  record  of  the  ilant's  disinfection  practice  is  presented  in  Tables 
3.0,  3.1,  4.0.  4.1  and  6.0  of  Appendix  C.  Table  3.0  presents  a  monthly 
summary  for  the  years  1986,  1985  and  1984.  A  daily  di s  infect iorj  pro- 
file is  presented  in  Table  3.1  for  January,  April,  July  and  October  for 
each  of  the  three  years  studied.   An  overall  water  quality  summary  is 
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given  in  Tables  4.0  and  4.1;  while  bacteriological  test  results  are 
documented  in  Tables  6.0  on  a  monthly  and  yearly  basis  for  1985  to 
1984. 

Table  E.5  following  presents  a  3-year  summary  of  the  chlorine  dosages 
applied  and  resultant  chlorine  residuals.  On  average,  the  prechlorine 
dosage  was  1.1  mg/L  for  1986  and  1984  and  0.9  mg/L  for  1985.  The  over- 
a  1  1  range  was  from  0.6  to  1.4  mg/L. 

The  postchlorine  dosages  of  Table  E.5  represent  the  combined  averages 
of  normal  postchlorination  and  superchlorination  dosages  that  were 
applied.  These  dosages  will  vary  with  raw  water  quality  and  have  a 
range  of  1.2  to  2.2  mg/L  chlorine.  The  yearly  average  chlorine  dosages 
were  1.4,  1.9  and  1.8  mg/L  for  1986  to  1984  respectively. 

Dosages  for  prechlorination,  postchlorination  and  sulphur  dioxide 
feeders  for  dechlorination  are  set  manually  and  automatically  paced 
proportional  to  raw  water  and  total  filtered  water  flows.  A  detailed 
description  of  the  control  of  chemical  dosages  is  given  in  Section  0.5, 
Item  b). 

d)  Chlorine  Residuals 

The  prechlorine  residual  is  monitored  continuously  by  chlorine  analyzer 
as  mg/L  free  chlorine.  The  average  free  chlorine  residuals  for  1986  to 
1984  were  0.30,  0.19  and  0.23  mg/L  respectively  and  ranged  from  0.09  to 
0.53  mg/L  over  the  3-year  period. 

The  total  chlorine  residual  is  monitored  in  the  plant  output  by  an  on- 
line automatic  analyzer.  The  yearly  summary  in  Table  E.5  shows  average 
total  chlorine  residuals  of  0.73,  0.74  and  0.72  mg/L  for  1986  to  1984 
respectively  and  a  range  of  0.69  to  0.77  mg/L  for  the  3-years. 

e)  Process  Evaluation 

The  prechlorine  dosage  is  selected  to  maintain  a  slight  free  chlorine 
residual  in  the  filtered  water.  Normally  a  dosage  of  0.8  mg/L  will  be 
applied  but  this  can  vary  depending  upon  the  chlorine  demand  of  the  raw 
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water.  During  the  study  period  the  average  chlorine  dosage  was  about 
1.03  mg/L  and  the  average  free  chlorine  residual  was  0.24  mg/L,  which 
means  that  the  chlorine  demand  was  about  0.79  mg/L.  This  chlorine 
demand  is  fairly  constant  but  will  vary  somewhat  with  the  seasonal 
changes  in  raw  water  quality.  From  Table  3.0  for  instance,  it  will  be 
noticed  that  the  chlorine  demand  increased  in  the  summer  time  to  about 
0.95  mg/L  in  July  as  a  result  of  increased  levels  of  algae  in  the  raw 
water.  The  chlorine  is  applied  after  the  raw  water  pumps  and  has  a 
contact  time  prior  to  entering  the  clear  well  of  about  4.4  hours  at  the 
design  flow  rate.  Under  these  conditions  the  maximum  benefits  of  the 
prechlorination  process  are  achieved.  The  inefficiency  resulting  from 
the  high  pH  of  the  source  water  (consistently  above  8.0  except  for 
August  and  September  1984  when  it  was  7.9)  is  more  than  compensated  for 
by  the  long  contact  time. 

One  disadvantage  of  the  prechlorination  process  is  the  potential  for 
forming  trihalomethanes .  However,  based  on  results  of  the  MOE  DWSP 
program,  the  levels  of  TTHM  formed  at  the  R.L.  Clark  plant  were  very 
low,  in  the  range  of  16  to  39  Mg/L  in  1986  to  1987,  and  prechlorination 
does  not  appear  to  be  a  problem  in  this  regard.  A  future  reduction  in 
the  current  standard  for  TTHMs  however  may  prevent  the  use  of  chlorine 
for  disinfection  in  the  prechlorination  mode. 

Postchlorination  serves  as  the  final  disinfection  process.  It  may  con- 
sist of  normal  postchlorination,  as  described  previously,  or  super- 
chlorination  when  the  raw  water  is  suspected  of  being  highly  con- 
taminated with  microorganisms,  or  when  taste  and  odour  is  present. 

Free  ammonia  at  a  threshold  level  of  0.02  mg/L  is  used  as  a  surrogate 
parameter  to  indicate  conditions  of  raw  water  pollution  and  to  trigger 
the  start  of  superchlorination.  Contact  time  is  provided  by  the  clear 
well  which  has  a  fixed  ,  torage  volume  of  33,700  m^ .  At  the  design  flow 
rate  this  volume  provides  a  theoretical  detention  time  of  1.8  hours. 
Good  contact  is  ensured  by  the  longitudinal  flow  path  through  the  two 
sections  of  the  clear  well. 

Superchlorination  is  used  for  a  large  percentage  of  the  time  throughout 
the  year.   The  free  chlorine  residual  after  postchlorination  will  vary 
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CHLORINATION  -  3-YEAR  SUMMARY 


Parameter 


19  8  6 
Min .   Max .   Avg. 


19  8  5 
Min .   Max .   Avg. 


19  8  4 
Min.   Max.   Avg. 


Prechlorin a t  i o n 


-chlorine 
dosage 


0.9    1.4    1.1     0.7    1.1    0.9     0.6    1.4    1.1 


free  chlorine   0.20   0.53   0.30 
res  i  dual 


0.09      0.32      0.19         0.14      0.42      0.23 


Postchlori nation 


■chlorine 
dosage 


1.2    1.7    1.4     1.3 


1.9     1.3    2.1    1.8 


total  chlorine  0.69   0.77   0.73 
res  i  dual 


0.69   0.77   0.74    0.64   0.76   0.72 


Units  in  mg/ L 
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from  about  0.8  to  2.0  mg/L  depending  upon  which  mode  of  chlorination 
was  used.  Sulphur  dioxide  is  used  for  dechlorination  to  maintain  a 
free  chlorine  residual  of  0.5  to  0.7  mg/L.  At  these  levels  of  chlorine 
dosage  and  contact  time,  the  chlorination  process  is  highly  efficient 
and  should  destroy  most,  if  not  all  pathogenic  bacteria  as  well  as  some 
of  the  common  waterborne  enteroviruses.  Since  germicidal  effectiveness 
is  pH  and  temperature  dependent  as  well  as  on  chlorine  dose  and  contact 
time,  variations  in  the  efficiency  of  disinfection  are  to  be  expected. 
The  actual  performance  achieved  during  the  study  period  with  respect  to 
the  normal  indicator  bacteria  used  for  defining  bacteriological  water 
quality  is  discussed  below. 

Data  on  the  bacteriological  water  quality,  raw  and  treated,  are  pre- 
sented in  Table  6.0  for  1986  to  1984.  For  1986  all  tests  for  fecal 
coliform  and  fecal  streptococcus  organisms  in  the  treated  water  were 
negative.  Similar  results  were  achieved  in  1985  with  the  exception  of 
one  test  for  fecal  coliform  on  August  2  which  contained  1  organism  per 
100  mL.  In  1984  indicator  organisms  again  tested  negative  with  the 
exception  of  one  test  on  August  4  for  fecal  coliform  which  showed  1 
organism  per  100  mL.  Tests  for  total  coliform  organisms  also  were 
almost  always  negative;  those  that  tested  positive  had  very  low  counts 
in  the  order  of  1  to  2  per  100  mL  except  for  three  occasions  when  the 
count  was  5  and  twice  6  per  100  mL.  The  data  in  Table  6.0  show  a 
geometric  mean  for  each  month  and,  in  case  of  the  treated  water  with  a 
positive  test  for  total  coliform,  are  shown  as  a  decimal  value.  The 
geometric  mean  in  the  latter  case  is  of  value  and  represents  a  fre- 
quency of  occurrence  of  positive  tests. 

It  should  be  noted  that  the  number  of  positive  tests  was  very  small 
considering  that  6576  tests  were  carried  out  on  the  treated  water 
during  the  three  years  for  each  of  total  coliform  and  fecal  coliform 
organisms.  These  results  are  exceptional  when  considering  the 
variation  in  quality  and  degree  of  contamination  that  exists  in  the 
source  water. 

Following  postchl orinat ion  and  fluoridation  of  the  water,  the  pH  of  the 
plant  output  is  anywhere  from  0.5  to  1.0  units  lower  than  the  raw  water 
pH .   One-half  of  this  decrease  is  probably  due  to  postchlor ination  and 
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fluoridation  of  the  water.  For  1986  the  average  treated  water  pH  was 
7.5  units;  while  the  range  for  the  3-year  period  was  7.3  to  7.6  units. 
This  is  a  desirable  range  of  pH  for  distribution.  A  downward  pH 
adjustment  of  the  raw  water  to  increase  the  efficiency  of  the  pre-  and 
postchl orinat ion  processes  would  therefore  require  an  upward  adjustment 
in  pH  of  the  final  plant  output  in  order  to  maintain  the  chemical 
stability  of  the  water  (Section  E.4.4).  A  nominal  downward  adjustment 
in  pH  could  be  considered  for  the  time  when  the  raw  water  pH  is  very 
high,  in  the  order  of  8.5  units. 

E.3.2     CAPABILITY  OF  EXISTING  PLANT 

The  existing  practice  of  pre-  and  postchlorination  is  very  effective  in 
producing  a  high  qualitv  water  free  of  microorganisms.  The  practice 
should  be  continued  in  the  future  for  disinfection  of  Lake  Ontario 
water.  Sufficient  equipment  capacity  is  available  to  treat  the  maximum 
hydraulic  flow  rate  through  the  plant. 

E.3.3     OPTIMUM  DISINFECTION  PROCEDURES 

Having  reviewed  the  existing  chlorination  practice  in  detail,  it  was 
found  that  no  modifications  are  required  at  this  time  to  improve  the 
process . 

An  exception  to  the  above  conclusion  could  be  made  for  periods  with 
very  high  raw  water  turbidities.  During  such  periods  a  downward 
adjustment  in  pH  could  be  considered  to  improve  the  efficiency  of 
disinfection . 

E.4       OTHER  CONCERNS 

E.4.1     TASTE  AND  ODOUR  CONTROL 

Samples  of  filtered  water  and  plant  output  are  taken  hourly  and  tested 
for  taste  characteristics  including  chl orophenol ,  earthy,  foul,  and 
weedy  tastes.  If  a  chlorophenol  taste  is  detected,  the  water  is  super- 
chlorinated  with  a  minimum  total  chlorine  dosage  of  3.0  mg/L.  Other 
tastes  are   generally  treated  by  adjusting  the  postchlorine  dosage. 
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Chlorination  for  the  control  of  taste  and  odour  has  been  very  success- 
ful at  the  R.L.  Clark  plant.  The  operational  data  for  1986  to  1984 
show  that  a  perfect  record  was  achieved  with  regard  to  tastes  in  the 
output  water  -  not  one  day  over  the  entire  3-year  period  tested 
positive.  However,  it  is  known  that  taste  does  increase  in  the  dis- 
tribution system. 

E.4.2     FLUORIDE 

The  treated  water  is  fluoridated  using  hydrof luosil icic  acid  for  the 
control  of  dental  caries  in  children. 

Raw  water  fluoride  concentrations  vary  from  0.10  to  0.16  mg/L  for  the 
3-year  record  while  the  yearly  average  was  0.14  mg/L.  Monthly  average 
day  dosages  that  were  added  to  the  treated  water  ranged  from  0.98  to 
1.04  mg/L  for  1986,  0.91  to  1.01  mg/L  for  1985,  and  0.71  to  0.98  mg/L 
for  1984.  The  monthly  average  day  fluoride  residuals  for  the  same 
years  were  1.17  mg/L,  1.17  mg/L,  and  1.02  mg/L  respectively. 

The  recommended  optimum  fluoride  concentration  under  the  Ontario  Drink- 
ing Water  Objectives  is  1.2  mg/L  and  the  acceptable  range  is  1.0  to  1.4 
mg/L.  This  objective  has  been  met  in  1986  and  1985,  and,  on  an  average 
basis,  also  in  1984.  In  reviewing  the  records  of  Tables  3.0  and  3.1, 
it  is  evident  that: 

1)  during  the  first  half  of  1984  monthly  average  residuals  were  less 
than  1.00  mg/L  and  ranged  from  a  low  of  0.85  mg/L  to  a  high  value 
of  0.96  mg/L; 

2)  many  of  the  daily  fluoride  residuals  for  April  1984  were  less  than 
the  combined  total  of  fluoride  dosage  added  plus  background 
fluoride  concentration  in  the  raw  water. 

None  of  the  above  anomalies  occurred  in  more  recent  data  for  1985  and 
1986. 
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E.4.3     ALUMINUM  IN  RAW  AND  TREATED  WATER 

The  aluminum  content  of  raw  and  treated  water  is  analysed  in  the  plant 
laboratory  by  spectrophotometer.  Results  are  tabulated  in  Table  2.0  in 
terms  of  monthly  maximum,  minimum  and  average  values.  The  total 
aluminum  (dissolved  plus  suspended)  content  is  given  for  the  raw  water 
whereas  the  dissolved  aluminum  as  determined  on  a  filtered  sample  is 
given  for  the  treated  water  except  for  a  few  results  (as  noted)  in  1984 
which  are  total  aluminum. 

The  monthly  average  day  readings  for  raw  water  range  from  0.012  to 
1.148  mg/L  for  1986  to  1984;  average  values  for  1986  and  1985  were 
0.180  and  0.238  mg/L  respectively.  The  raw  water  pH  for  the  same 
period  varied  from  7.9  to  8.4  and  the  average  was  8.14  units.  The 
technical  literature  indicates  that  at  equilibrium  the  minimum 
solubility  of  aluminum  hydrolysis  species  is  0.004  mg/L  Al  at  pH  5.8 
anâ  increases  logarithmically  with  increasing  pH  to  about  1.7  mg/L  Al 
at  pH  8.5.  Values  of  0.1  to  1.0  mg/L  Al  are  normally  found  in  surface 
waters  within  the  above  pH  range.  Data  for  Lake  Ontario  water  seems  to 
fit  the  general  range  in  aluminum  content  found  in  other  surface 
waters.  Maximum  daily  values  of  total  aluminum  in  the  raw  water  were 
recorded  for  March  1986  -  1.872  mg/L  Al  ,  and  for  November  1985  - 
3.791/mg/L  Al .  The  reason  for  these  high  values  is  not  known. 

For  the  treated  water  the  dissolved  aluminum  content  was  as  follows: 

Treated  Water  Characteristics 

1986  1985              1984 
Aluminum,  mg/L 

-  Range          0.045  -  0.159  0.050  -  0.196     0.038  -  0.135 

-  Average               0.088  0.106            0.098 

-  Maximum  Recorded     0.350  (Aug)  0.336  (Aug)      0.285(Sep) 

pH,  Units 

-  Range  7.4  -  7.6      7.3  -  7.6        7.4  -  7.6 

-  Average  7.5  7.44  7.45 
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At  pH  7.4  the  solubility  of  aluminum  hydroxide  species  at  equilibrium 
is  about  0.13  mg/L  Al .  The  aluminum  residuals  in  the  plant  output  were 
in  general  quite  low  and,  on  average,  are  less  than  the  maximum  value 
attainable  at  equilibrium  for  a  pH  of  7.4. 

Regarding  the  maximum  values  of  dissolved  aluminum  content  shown  in  the 
above  table,  there  is  no  apparent  reason  which  would  account  for  the 
sporadic  occurrence  of  such  high  results. 

In  Table  2.1  it  will  be  noted  that  on  July  22,  1985,  a  coagulant  dosage 
of  7  mg/L  alum  produced  a  residual  aluminum  content  of  0.056  mg/L.  On 
July  24,  on  the  other  hand,  a  coagulant  dosage  of  3  mg/L  alum  produced 
a  residual  aluminum  content  of  0.124  mg/L.  From  these  two  results, 
there  appears  to  be  an  inferred  relationship  between  alum  dosage  and 
aluminum  residual  in  the  treated  water.  However,  this  relationship,  if 
it  indeed  exists,  is  speculative  and  loses  value  in  light  of  the  data 
for  July  17,  where  a  dose  of  7  mg/L  alum  resulted  in  a  residual 
aluminum  content  of  0.127  mg/L. 

For  further  study  of  this  subject  of  residual  aluminum  content  in 
drinking  water,  reference  is  made  to  the  recently  published  report  by 
the  AWWA  Research  Foundation  entitled:  "Residual  Aluminum  in  Filtered 
Water"(0. 

E.4.4     STABILITY  OF  WATER 

The  Langelier  Saturation  Index  (L.I.)  is  commonly  used  in  water  con- 
ditioning calculations  and  is  defined  as: 

L.I.  =  pH  -  pHs 

where:    pH  =  pH  of  system  as  measured  by  pH  meter 

pHs  =  saturation  pH  at  v;hich  the  total  alkalinity  and  the 
calcium  hardness  would  be  at  equilibrium  with  each 
other  andrwith  solid  calcium  carbonate. 

(')  Driscoll  JR.,  C.T.,  Letterman,  R.D..  and  Fitch,  D.E.  January  1987. 
Residual  Aluminum  in  Filtered  Water.  AWWA  Research  Foundation, 
Denver,  Colorado. 
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Temperature  and  total  dissolved  solids  content  will  influence  the  value 
of  pHs.  If  the  L.I.  is  negative  and  dissolved  oxygen  is  present,  water 
tends  to  corrode  ferrous  piping.  If  the  L.I.  is  positive  and  water 
contains  much  calcium  and  alkalinity,  deposits  and  scale  may  form. 

The  L.I.  for  Lake  Ontario  water  at  the  R.L.  Clark  plant  varied  from 
about  -0.15  in  the  winter  to  +0.10  in  the  summer.  For  the  treated 
water  the  L.I.  was  determiner!  a^  -0.90  in  the  winter  and  -0.75  in  the 
summer.  The  results  show  that  while  undergoing  treatment  the  water 
becomes  slightly  aggressive  and  will,  in  the  presence  of  oxygen,  cor- 
rode metal  piping. 

Corrosion  coupon  tests  should  be  carried  out  to  determine  the  degree  of 
corrosiveness  of  the  treated  water  and  whether  corrective  measures  need 
to  be  implemented. 


SECTION  F 
RECOMMENDATIONS 
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SECTION  F  -  RECOMMENDATIONS 

F.l      SHORT-TERM  MODIFICATIONS 

a)  Operations  and  Process  Control 

1.  Establish  the  degree  of  corrosiveness  of  the  treated  water  and 
determine  whether  corrective  measures  need  to  be  implemented. 
This  can  be  accomplished  by  installing  test  coupons  near  the  plant 
output  to  monitor  corrosiveness. 

b)  Particulate  Removal 

1 .  Alum  Diffusers 

Replace  the  existing  common  alum  diffuser  by  individual  diffusers 
to  be  located  in  the  first  cell  of  each  of  the  three  rapid  mix 
tanks  as  per  the  original  design. 

2.  Monitoring  and  Control  of  Coagulant  Dosage 

Establish  the  merits  of  using  a  Streaming  Current  Detector  for 
continuous  monitoring  and  automatic  control  of  the  optimum 
coagulant  dosage. 

3 .  Flocculant  Aid 

With  or  without  retrofitting  sedimentation  tanks,  the  addition  of 
a  flocculant  aid  may  be  of  benefit  to  the  sedimentation  process. 
With  existing  tanks,  performance  may  need  to  be  improved  during 
critical  periods  of  turbidity  and/or  high  algae  levels  in  the  raw 
water.  In  the  future,  once  sedimentation  tanks  have  been  up- 
graded, a  flocculant  aid  polymer  would  improve  the  continuous 
operation  of  these  units  and  may  reduce  the  amount  of  primary 
coagulant  required  for  treatment. 
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For  these  reasons  it  is  suggested  that  benefits  of  using  a 
cationic  polymer  at  the  R.L.  Clark  plant  as  a  flocculant  aid  be 
investigated . 

By  utilizing  existing  carbon  storage  and  mixing  tanks,  a  floc- 
culant aid  feed  system  consisting  of  2-neat  polymer  transfer 
pumps,  4-chemical  metering  pumps,  and  miscellaneous  accessories 
including  3-rotameters ,  3-diffusers,  piping  and  valves,  could  be 
installed  at  a  cost  of  $50,000. 

Filter  Aid 

The  need  of  a  filter  aid  may  be  required  in  future  to  reduce  fil- 
ter effluent  turbidity  levels  from  the  current  0.2  to  0.25  FTU  to 
possibly  0.1  to  0.15  FTU.  For  this  reason,  investigations  should 
be  carried  out  to  determine  the  effectiveness  of  using  a  nonionic 
polyelectrolyte  as  a  filter  aid  to  improve  the  performance  of  the 
filters. 

The  implementation  of  a  filter  aid  feed  system  using  drum  delivery 
of  a  liquid  polymer  would  require  provision  of: 

-  2  -  drum  polymer  transfer  pumps,  790  L/h 

-  1  -  mix  tank,  F.R.P.,  14,000  L  capacity,  with  tank  mounted 
mechanical  mixer 

-  6  -  chemical  feed  pumps,  3  for  each  row  of  filters,  2  duty  and 
1  standby,  79  L/h  max.  capacity 

-  2  -  800  L/h  rotameters  for  adding  dilution  water 

-  18  -  250  L/h  rotameters  for  flow  splitting  to  provide  the 
application  of  polymer  to  each  individual  filter 

-  18  -  diffusers,  40  ball  valves  and  about  1800  m  of  12  to  25  mm 
dia  .   P .E .  piping. 
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5.  Filter  Preconditioning 

The  performance  of  a  filter  can  be  improved  by  preconditioning  the 
filter  during  the  backwash  using  polymers  or  metal  salt  coagu- 
lants. Some  work  in  this  regard  has  already  been  done  by  Metro 
Works.  Preliminary  findings  showed  that  the  level  and  duration  of 
the  initial  high  start-up  turbidity  can  be  reduced  during  the  fil- 
ter ripening  period. 

For  this  reason  it  is  recommended  that  Metro  Works  continue  to 
investigate  the  effectiveness  of  various  preconditioning  chemicals 
including  nonionic  and  anionic  polymers,  as  well  as  alum  and  poly- 
aluminum  chloride,  to  improve  the  performance  of  the  filters. 

6.  Filter  to  Drain 

An  alternative  method  to  filter  preconditioning  for  reducing  the 
initial  high  start-up  turbidity  is  to  filter  to  drain.  This  pro- 
cedure should  be  investigated,  at  reduced  filter  rates,  using  the 
manually  controlled  filter  drain  pipe.  If  the  procedure  proves  to 
be  successful,  further  studies  will  have  to  be  carried  out  to 
determine  requirements  for  the  installation  of  filter  to  drain 
piping  capable  of  handling  the  design  flow  rate  of  the  filter. 

7.  Filter  Rate  Control  Valve 

In  order  to  minimize  hydraulic  surges  in  a  filter  at  start-up  or 
during  flow  changes  and  to  reduce  the  initial  higher  level  of  tur- 
bidity, filter  rate  control  valves  should  be  opened  at  a  con- 
trolled ramped  rate.  This  can  be  achieved  by  installing  motorized 
ramping-type  valve  operators  on  all  filter  rate  controllers. 

An  alternative  practice  in  Europe  to  control  filter  breakthrough 
during  the  ripening  period  of  a  filter  is  to  increase  filter  rate 
slowly  over  a  20  to  30  minute  perio'd.  The  filter  flow  rate  is 
increased  automatically  at  constant  rate  to  the  desired  operating 
rate  by  controlling  the  rate  of  opening  of  the  control  valve.   The 
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feasibility  of  this  alternative  should  be  investigated  since  it 
could  be  implemented  at  relatively  low  cost  to  the  project  by 
utilizing  the  existing  Filter  RTU  for  control. 

c)       Disinfection 

The  existing  practice  of  pre-,  post-  and  superchlorination  was 

found  to  be  very  effective  in  controlling  the  bacteriological 

quality  of  the  treated  water  and  no  modifications  are  required  to 
be  carried  out  at  this  time. 

The  adjustment  of  pH  on  a  continuous  basis  for  improving  the 
efficiency  of  chlorination  may  not  be  cost-effective  and  under 
current  conditions  is  not  deemed  to  be  necessary.  However, 
investigations  should  be  carried  out  to  determine  the  benefits  of 
nominally  adjusting  pH  during  the  time  when  the  raw  water  pH  is 
very  high,  in  the  order  of  8.5  units. 

F.2      LONG-TERM  MODIFICATIONS 

a)       Particulate  Removal 

The  capacity  of  existing  sedimentation  basins  can  be  increased,  if 
necessary,  by  the  installation  of  high  rate  settling  tubes  or 
parallel  plate  settlers. 
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APPENDIX  B 
JAR  TEST  RESULTS 


ApB-1 


JAR  TEST  PROCEDURE 

1.  Obtain  sufficient  raw  water  sample  to  test  for  raw  water  quality 
(turbidity,  pH,  temperature,  colour,  alkalinity)  and  to  fill  6  1.5  L 
glass  jars  with  exactly  1  L  of  sample. 

2.  Place  all  6  jars  in  the  gang  stirrer  and  begin  mix  at  100  rpm.  Quickly 
add  the  desired  amount  of  primary  coagulant  to  each  jar.  Add  the 
coagulant  to  the  vortex  created  by  the  fast  stirring  paddles.  After 
coagulant  has  been  added  to  the  last  jar,  continue  rapid  mix  for  60 
seconds,  then  reduce  the  paddle  speed  to  30  rpm. 

3.  If  secondary  coagulant  is  to  be  used  as  well,  quickly  add  this  in  the 
desired  amount  to  each  jar  during  rapid  mix.  If  the  secondary  coagu- 
la'nt  is  a  polymer,  then  this  should  be  added  after  the  addition  of 
primary  coagulant.  If  activated  silica  is  used,  then  the  order  of 
addition  should  be  noted. 

*.  Continue  slow  mix  at  30  rpm  for  30  minutes.  After  30  minutes,  the 
paddles  should  be  stopped  and  removed  from  the  jars. 

5.  Following  the  start  of  the  slow  mix,  observe  the  time  of  the  first 
appearance  of  visible  floe  in  each  of  the  six  jars,  and  also  the 
appearance,  size  and  quantity  of  floe  at  the  end  of  the  agitation  or 
flocculation  period. 

6.  After  30  minutes  of  slow  mix  allow  the  samples  to  settle.  From  a  fixed 
depth  of  5  cm,  the  mid-point  of  the  water  depth  in  the  jar,  collect 
samples  at  1,2,  4  and  8  minutes  after  the  start  of  settling  and  analyse 
samples  for  turbidity.  Samples  drawn  at  these  times  represent  settling 
velocities  of  5,  2.5,  1.25  and  0.525  cm/min.  respectively.  Plot  the 
results  in  terms  of  settling  velocity  distribution  curves. 


ApB-2 


7.  Following  the  settling  period,  pipette  200  mL  of  supernatant  from 
each  jar.  Use  50  mL  to  wet  a  glass  fibre  filter  disc  and  discard. 
Filter  the  remaining  sample  and  measure  the  turbidity  of  the  finished 
water.  Use  a  separate  filter  apparatus  and  filter  disk,  for  each  sample 
from  each  jar.  Use  Gelman  Sciences  Type  A/E  47  mm  glass  fibre  filters 
or  Whatman  No.  40  filter  discs. 


<  IT)  ^« 

»  UJ  —  — 

_  _l  •©  = 

o  a.  —  ^ 


IS  => 


I  r? 


2  = 


^    c 
Ê 


«-    «n    «    ^ 


O    gc    a: 
CO    o    o. 


2    = 

s 


•-     c 
i 


«I 

Q. 

a. 


o    o 


-<     O     -< 

=>    o    ^ 

«•DE 
o     c    — 


m  c 

t>  o 

—      Oi  — 

«    —  « 
•II.— 

>      3  3 

o     o  <» 

c  <-  o 


o 
o 


<^    c 

01  o 

—     Ol   — 


Î- 


I    , 


^1 


S  S 


o 


u 
•I 


S  i  - 


E 


0^ 

o 

o 


-"         ^m/        ^ 

M  i: 


—  c 

«  u  O 

U  U  L. 

^  *rf  *t 

u  «^  in 

X  ^  1. 


E 
ic 


0) 

Q.  «^  Ol 

<e  X  c 

X  Ol  o 

m  —  u 

c  n 

—  •) 

X  u 

"-  o 

•0  O 

U  "  V 

•*-  Irt 


X      10  -D 
en     0; 

O.  >. 

in     a.  u 

—     •  01 


I    , 


X    =    o     . 

<SI     <     •         CO 

*.   tr^    «-    ^^ 


a: 


O)    o    a. 
ë    o    uj    X 

^-     C_J     ^      D. 


o 


_■     "O     3 
Û.      -^     •- 

X    XI    z 


3 

U 
I      ?• 

Ê 


3 


•5    3 


I  r 

*-    c 
Ê 


tl 


X 


o. 


I    - 


_<  O  -I 

=  o  -^ 

g  -D  r 

o  c  — 


c 

1$  i 


m    c 

o 
o>  — 


3      3 


eo 
o 


c 

8  i 


•I  o 

—  Oi  — 

f  c  <-• 

•  —  <e 

t)  I.  — 

t>  _  o 

m  'O  o 

O  O  o- 

c  •»  o 


■g 


e 

—     c 
•^    «I 

^  1 


O  •)  — 

—  I.  3 

4^  «  (J 

c  o.  !â 

—  Q.  — 


g      .     - 


£  £  "  i 

UEO 

u  o  01 

«  «fe-  u  4-1 

^  »  »- 

><  «  B. 

•-  £  O.  Oi 

•'  «<  «  c 

S' g  g  i 

—  X  —  o 

M  *rf  t*.  «te 


I  ^ 


o 

II 
r> 
c 
w 

o 

«^     u 

=  >  I 

E      o      o 

•I      c    «- 


o 
o 


o 


o 
ai 


—    ce 
»*     ai    — 

=   £   I 

«n     Q     k. 
E     O 

«^ 
u    ^ 
O     c     u 


E 


Ld 
> 

=> 
o 


CD 

û: 

■^ 

1— 

h 

U) 

z 

Q 

1^ 

d) 

o 

1- 

1 

o 

— ) 

u 

> 

o 


u 

CO 


5u|U!DUJ*y  Xjipiqjnx 


> 

z> 
o 


m 

(T 

nj 

\— 

f^ 

U) 

Z 

Q 

t^ 

iiJ 

t 

1- 

O 

% 

o 

«J 

u 

> 

o 


u 

00 


lb 


a» 


l_  If) 

rvi 


»0 


o 


IN 


tN 


O 
O 


d 


d 


to 


ic 
d 


\ 

\ 

o> 

O» 

E 

£ 

«<■ 

to 

^-^ 

N_/ 

E 

3 

3 

^ 

< 

o  > 


E 

\ 

E 

tj 

N-/ 

to 

i* 

m 

u 

'" 

o 

V 

> 

O'O 

o> 

\^N^ 

c 

^    ^ 

5 

£  E 

o 

K)    ID 

o 

E  E 

,_ 

3     3 

<    < 

+   X 


ni  m 


E   £ 

3     3 
<    < 


5u!U!Du-i»y  /^IPIQjni 


D  < 


APPENDIX  C 
TABLES  OF  OPERATING  RECORD 


TABLE  1 

WATER  PLANT  OPTIMIZATION  STUDY 
•PLANT  FLOWS" 


06/04/87  (REV.  1) 


0) 


=Ô  .2 


CO 


CO 


c 
o 

o 


UJ 


œ  S 
<  ^ 


• 

to 

> 
< 

• 

• 
X 

<c 

X 



— — 

^1^  ^^^ 







^^  ^^^ 











Ov 

• 

C3 

> 
< 

• 

• 
X 

409.00  1  264  .00  |  339.02 
396.70  1 248.80  | 322.49 

408.00  1 257.00  | 348.38 
386.10  1 224.50  1 328.86 

353.70  1 270.00  | 310.52 
336.30  I  251  .20  |  293.50 

397.00  1 260.00  1 303.70 
360.60  1  241  .90  |  283.98 

408.00  1 267.00  | 342.39 
368.70  j  247.30  |  313.11 

550.00  1 344.00  | 453.43 
507.30  |31 7.90  | 419.26 

tn  vD 
CM  Ov 

.   . 
rg  — 
r»  rg 

»  » 

O  O 
O  Ov 

.   . 
O  VO 
O  r~ 
pn  rg 

O  O 

O  vn 

.   . 

CD  ^ 

V  œ 

in  V 

563.00  1 298.00  | 475.1 7 
503.00  |270.30  |  438.22 

451  .00  1 272.00  |  382.06 
432.60  1 240.50  |  361  .85 

m  in 
VO  O 

.  . 

V  Ov 
VO  P^ 
en  Kv 

o  o 
o  o 

.  . 

Ov  » 
OD  ^ 
rg  CM 

O  O 
O  rg 

.   . 

œ  p^ 

rg  Ov 

V  1^ 

431  .00  1 290.00  1 365.73 
388.40  I  277.50  |  341 .42 

rg  V 

.   . 
—  ov 
»  — 
Kv  r\ 

O  O 
■  O  P^ 
.  • 
Ov  P» 
1^  VO 
rg  rg 

O  O 
O  Ov 

•     • 

rg  Ov 
V  l<^ 

in 

CO 
Ov 

s 

• 

• 
X 

41 7.00  1  292.00  |  364.53 
394.70  1  277.40  | 346.32 

398.00  1  291  .00  |  354 .21 
377.70  1  282.60  1 338.28 

406.90  1  294.00  |  354.48 
388.60  1  279.20  | 337.86 

c^  Ov 
CD  O 

.   . 

O  m 
Kv  .n 

O  O 
O  1^ 

.    . 

VO  Ov 

Ov  r» 
CM  rg 

O  O 

O  in 

.   . 
o  — 

KV  Ov 

■«  en 

ov  ~ 

.   . 

rv  VO 
rg  "^ 
•»  >^ 

O  O 

—  Ov 

.   . 
Ov  Ov 
in  rg 
tn     >rv 

O  O 

O  cv 

.   . 
OD  VO 

—  in 
in  V 

528.00  1 362.00  | 470.57 
474.70  1  339.20  |  424.40 

582.00  1  370.00  1  51  1  .61 
482.30  1  342.40  |  443.33 

626.00  1  305.00  |  490.39 
573.30  1  285.60  )  449.76 

501  .00  1  56.00  1  379.50 
470.80  1  42.10  1  350.31 

O  K\ 
—  Ov 

.   . 
p»  — 
in  pn 
en  l<^ 

O  O 
O  TP 
.  . 
in  VO 
in  K^ 

CM   CM 

O  o 
O  VO 

.   . 
o  o 

in  o 

432.00  1  338.00  |  400.81 
400.30  1  318.00  1  374.30 

444.00  1  285.00  1  383.42 
398.00  1  265.90  |  357.23 

VO 
Ov 

• 

< 

• 

• 
X 

460.00  1  128.00  1  316.55 
443.20  1  1 13.00  1  292.67 

516.00  1  143.00  1  420.50 
475.60  1  1 21  .30  1  395.65 

465.00  j  59.00   |  345.85 
♦50.50  1  33.40   1 322.26 

456.00  1   3.90   1  325.83 
423.40  1  0      1  305.49 

O  — 

.   . 

in  rg 

^  ^ 

o  o 

O  o 

*   . 
V  CM 

rv  Kv 

O  O 

.  . 
r«  Ov 
in  o 
in  m 

561 .00  1  371  .00  1  481  .25 
514.30  1  336.60  |  439.42 

CM   OD 

Ov  P- 

.   . 
en  rg 
VO  rg 

^  ^ 

O  O 

O  Ov 

.   . 
—  VO 

m  pr, 

o  o 

O  Ov 

.   . 

ri    cc 

1^  CO 

m  •« 

476.00  j  259.00  |  381 .87 
453.50  1  240.00  1  355.41 

486.00  j  307.00  |  368.21 
445.20  1  281 .90  1  341 .89 

Ov  Ov 
O  ^ 
.   . 
V   CM 
OD   VO 

r\    to 

Ov 
Ov  O 

O  O 
O  rg 
.   . 
Ov  » 
Ov  r. 
in  m 

466.00  1  300.00  |  395.48 
443.60  1  266.70  j  374.57 

520.00  1  277.00  1  386.58 
479.90  1  250.50  |  363.25 

«^ 

ac  H- 

OC  H- 

ac  ►- 

OC  »— 

QC  ^- 

K  t- 

OC  t— 

PS  H- 

0£  H- 

OC  ^ 

o 
z 

< 

m 

UJ 

u. 

o: 

a. 
< 

>- 

'-i 

•-3 

UJ 

O 

> 
O 

DEC 

O) 


a; 

u 


z 

4-> 

o 

c 

Q. 

o. 

D 

I. 

(0 

(/} 

^ 

Z 

o 

o 

• 
• 

<  «■ 

D£ 

h-  .— 

o 

CAPI 
/Cap 

4^ 

c 

o 

o 

^  rs 

t— 

Œ^ 

LU  _l 

1 

Q.  — 

I/o 

•  ■ 

o 

^ 

a. 

CO 

1-H 

<£> 

* 

VO 

O 

VO 

o 

CO 

• 

CO 

in 

o 

o 

VO 
VO 

in 

• 

CO 

en 

ID 

o 

VO 
VO 
VO 

CO 

o 

VO 

GO 

LT) 

• 

Z 

o 

►— 
o. 
z 

on 

G 

C 

o 
« 

o 

E 
3 

e 

X 

O 
E 
1 

X 

<e 
O 

0) 

<e 
u 
ai 

> 
< 

•  • 

o 
o 

c 

re 

o 

0) 

•^ 

u 

•»-> 

< 

<o 

^ 

OJ 

3 

(J 

O. 

•^■ 

o 

> 

Q. 

i. 

01 

F 

I/) 

O 

;. 

o 

k^ 

4-> 

e 

xs 

o 

01 

&. 

> 

o 

►— 

i. 

a> 

c 

•o 

re 

4-> 

(/) 

•^» 

re 

!■■» 

5 

o 

a. 

'«-> 

o 

c 

L. 

(0 

■*-> 

^ 

OJ 

a. 

^ 

01 

;. 

I. 

le 

•^ 

4-> 

o 

C 

0) 

• 

—J 

0) 

• 

JZ 

0£ 

4^ 

O) 


>^ 

re 

XI 

'«-i 

re 

■O  "O 

0) 

> 

c 

I. 

o 

0> 

•^ 

(/) 

4^ 

c 

S 

o 

3 

•^» 

V) 

■*-> 

c 

re 

O 

^ 

o 

3 

Q.-0 

O 

c 

O. 

re 

Ul 

< 


TABLE  2 

WATER  PLANT  OPTIMIZATION  STUDY 
"PARTICULATE  REMOVAL  SUfWARY" 


06/04/87  (REV.  1) 


o 

-I 


a. 
< 

D 
(0 

< 
<  o 


U 

< 

Q. 


O 


o 
. .  t. 
O    o 


u   o 


• 

>• 

■«c 

H^«^B«^^^  ^^  ^^^^  m 

^B  « 

• 

i^ 

^ 



H^a 

_. 









• 
X 

s 

n  ipi 

in  r>. 

• 

tr\     «O 

r^    sc 

o   ^ 

m  f» 

^ 

tC     «M 

^ 

O   O 

rg 

>0<M 

m   r\ 

SO 

O  O 

^ 

«o  o 

> 

•        • 

• 

•     • 

• 

•     • 

•     • 

• 

•    • 

• 

•     • 

f< 

o  o 

K\ 

».     K\ 

o  o 

r». 

CO 

f^  r^ 

fM     O 

»  —   »^ 

o  o 
o  o 

00 

p-  » 

» 

• 

z 

o   o\ 

CM 

CD     ~ 

m  m 

CO 

«  — 

•       • 

o   o 

K\ 

• 

O 

• 

œ 

K\0 

•    • 

«     CM 

•        • 

o  o 

o 

• 

l<^  —    ro 

O  O 

•         • 

O  o 

o 

• 
GO 

»^  o 

•     • 

V   o 

. 

V  o 

X 

O     f* 

r»   K\ 

O    K\ 

\C  m 

s 

•         • 

o 

•       • 

• 

CD  o 

•    • 

•      • 

o 

• 

O  — 
•     • 

«M 

• 

ce  rg 

•     • 

I 

—   o 

m 

^   p^ 

o  o 

S) 

f^  » 

r».   o 

•»  -   o 

o  o 

CD 

1-  m 

•r  «— 

m  CD 

• 

O     ITS 

O  '«J 

O   f~ 

œ  o 

52 

r»    »• 

r<g 

^  ^ 

IN 

*  » 

(<^   — 

r« 

o  — 

fM 

w  r*- 

> 

•      • 

• 

•     • 

• 

•    • 

•      • 

• 

•    • 

• 

•     • 

< 

—   o 

ir> 

—     f^ 

o  o 

e 

r»  lo 

»N     O 

^      •-      »M 

Oo 

a> 

r^  <N 

in 

••    rg 

o  m 

CO 

^ 

o  o 

r»    ir\ 

OD    r>i 

m  r» 

a> 

o  — 

m 

O    O 

o 

fN  in 

*o    ^ 

s> 

OO 

^ 

«vj  o 

âc 

•      • 

• 

•           • 

• 

•    • 

• 

•        • 

• 

•    • 

„  o 

f^ 

•»      (M 

o  o 

CO 

r-  r>4 

o  o 

(O  —  — 

O  o 

CD 

r^  pg 

^^ 

~"  ^^^^ 

^^  ■ 

~~"~~ 

^^  " 

■^  ^^ 

^^  ^^^^ 

^^  ^^^^ 

^^ 

^^^^ 

• 

•^    o 

in  o> 

O    1^ 

11^  ^ 

X 

T    '^ 

rsi 

• 

•    • 

rg 

• 

(CO 

•     • 

•      • 

• 

•     • 

CM 

• 

\c  o 

•      • 

vc     o 

f^ 

—   œ 

o  o 

e 

r»  m 

—    O 

m  —   a> 

o  o 

CD 

r-  V 

«M   K^ 

—  m 

• 

o  o 

—    \C 

O    CO 

ffi  ^ 

iS 

r»    rw 

r\ 

o  o 

Ol 

m  «^ 

o  — 

«N 

—  O 

fSI 

ic  m 

> 

•       • 

• 

•        • 

• 

•    • 

•       • 

• 

•      • 

• 

•    • 

< 

—  o 

ipi 

— -   ^ 

o  o 

CO 

r»  lo 

fM     O 

in   —    fo 

o  o 

CD 

r-  rsi 

vc 

s   ^ 

m  rg 

CO 

• 

—  » 

o  m 

r»  m 

O  1^ 

c^ 

i 

0\  ^ 

•       • 

o 

• 

o  o 

•        • 

• 

•    • 

0\    ^ 

•     * 

O 

• 

—  O 
■     • 

• 

m  o 

•    • 

o  o 

1^ 

—  1^ 

o  o 

CD 

r»  r\ 

o  o 

K\     —     K> 

O  O 

CD 

r»  pg 

"^ 

^^  ^^  ^^ 

^^ 

s  r- 

^^ 

^^  *^ 

—  ^■^ 

o  0\ 

^ 

^~~ 

• 

O     Ov 

—  o 

o    » 

CD  m 

X 

O     »N 

o 

o  — 

r\ 

<o  o 

O    «M 

o 

n  o 

r\ 

CD  «n 

£ 

«        • 

* 

•       • 

• 

•      • 

•       • 

• 

•    • 

• 

•    • 

lf\    o 

m 

—  o 

o  o 

s 

r^  »\ 

n   o 

(C    —    f^ 

o  o 

CD 

r~  ro 

ec  ^ 

« 

>— 

ac  y- 

ac 

^ 

oc  ^ 

a:  ^ 

OCH- 

ac 

H- 

.J  .^  -J  -J 

^    ^   ^ 

*«.>.»  •V. -«^  >«. 

— J  -J 

^^  ^n  ^n  ^^ 

îïf 

? 

^9t  ^^  C^  ^^  ^7^ 

W  O» 

_E^ 

g 

^ 

^ 

« 

^ 

^ 

^^ 

UJ 

^^ 

w*; 

^^ 

^^ 

«*• 

r^ 

^ 

3 

c 

f^ 

5D 

c 

UJ 

«  -u 

^ 

«  -o 

^» 

^r 

1^ 

^i^ 

^B  ^v 

"   < 

tk 

^^                 ^*     0^ 

< 

? 

S 

3  < 

01 

a       3  < 

V 

^ 

(_> 

o> 

• 

k 

(_>           Ol 

• 

U 

< 

>» 

^^ 

«  *J 

«1 

3 

>< 

*—       «  «< 

M 

3 

a. 

^* 

^^ 

o  c 

« 

«J 

*< 

«^      o  c 

«1 

4-* 

^ 

(_i  a 

oe 

« 

^B 

(_>  « 

OC 

lO 

•o 

u 

k 

■o 

u           — 

U 

3 

4)    3 

#■* 

01 

3          0>   3 

^ 

0) 

^ 

O 

E     CTÏ 

« 

a 

.a 

O          E    Ot 

« 

a 

u 

^B 

^  a  >~.,«~. 

^■^^■^  ^rf 

E 

w 

V               9*      Q    ^^^"^^^ 

^*»*J 

E 

3 

O 

u  o  —  «v* 

m  V   4) 

z 

u 

3 

o       u  o  —  fM  f^ 

«r  0) 

z 

0) 

►— 

o 

a.  i_J  *-"— » 

a. 

*— 

►— 

(_)       a.  <j  ^ii^— '«-' 

^^X 

a. 

►— 

X 

Z 

OD 

z 

< 

UJ 

i 

'^ 

u. 

.o 


CD 


O 


•o 
c 
•t- 
s 
o 


■o 

Ol 


•D 

e 

I. 
e 


c     I 

O      O 


E  I  a 

••    =  »  œ 

i    —  c  1. 

S     <  o:  ►- 


o 

«VII 


«I 


e 
o 
u 


CN 


< 


• 

> 

< 

• 

X 

X 

s 

• 

> 

O    "^ 
in   o4 

rx 

O    <r\ 
r»    <N 

» 

eo 
m 

o 
• 

•     *  . 

i« 

IN     O 

#^ 

^   ^ 

O  o     «    '«•«N 

—   O 

>n   —   m 

o 

e  i~» 

z 

»   — 
—  o 

1^ 

o 

• 

0.071 

7.9 

7.3 
2.0 

.      « 

o  o 

O 
K^   —   in 

o  o 

o    !»« 

.     •  • 
0    r*<N 

O    lO 

0.099 
0.134 

8.1 

7.6 
4.0 

O    eo 

Cl 

s 

•»   o 

^ 

o 

• 

m   m 

o 

. 

»>    —    r- 

o 

. 

o 

r4   lûu^ 

.      .  . 

^     IN 

_ 

irv 

CO 

< 

o    >^ 
iri    IN 

•        • 

^ 

• 

0>    r* 

—   O    —   in» 
..... 

o   o    s   P*m 

O    in 

IN      IN 
«      O 

m    —    >o 

m 

« 

o 

IN     »>0 
•        .    . 

CD    r-» 

• 

^   in 
>c    — 

•        * 

o   o 

»^ 

o 

• 

m   o 

•-   O    O  <Nir\ 
.     •     .     •   . 

O     O     «     P*IN 

o   » 

«N     — 

—  o 

o 

* 

■»   —   in 

m 

o 
. 

o 

eo    ^*^^ 

V    o 

o  o 

IC 

X 

«  a> 

CO   in 

o 

■w 

? 

.        • 

o 

m   o 

o 

• 

ffv    O 

IT* 

Ô 

o   o   eo   r».'» 

— 

r-    _    Ô 

o 

Œ>    f-^C 

o   to 

r«    \o 

• 

O    m 

\0     IN 

»^ 

*N   in 

r-    o    IN    miN 

o  <^ 

O 
* 

—    O 
•        • 

IN   mo 

-o 

< 

IN     O 

m 

—    ^ 

O    O    o    r»m 

—  o 

m    —    m 

o  o 

e   1—» 

• 

z 
X 

O    r^ 

<C    ■» 

m     » 

o   — 
o    •» 

IS 

o   — 

•        . 

—  o 

r\ 

o 

• 

O   O   —   mo 
O   o    œ   f~iN 

00      — 

o    o 

O 

• 

m    —    m 

—  o 

•        • 

o  o 

o   — 

»  o 

o  o 

K 

o 

s  —    m   om 

m   m 

O 

IN     ^ 

»    p»in 

p 

r~    O 

^ 

• 

—  O    o   f^m 

—  o 

m   ^   n 

O    o 

s   r»vc 

ec^ 

oc 

- 

OE^  oe^ 

«^ 

et*— 

ot  ^ 

OC  h- 

'    l'  '    l'  *  l'  ■    1 

■ 

- 

^■«^"^.""^ 

^^'^^'^ 

■»^^.>«.'^. 

0>  o>  at  at 

gtgig. 

g.gtat 

w  o>  w  o» 

kl 

■    s    8    s 

E    E    E    E 

O 

^* 

« 

— 

M 

— 

Ui 

^m. 

~** 

fM 

^1^ 

*t 

•^ 

*- 

zs 

e 

«« 

a 

e 

*N 

UJ 

H- 

•  "O 

^» 

>— 

•  -Q 

**'^«* 

I 

Ite 

^^ 

< 

u. 

< 

^ 

^1^ 

s 

3< 

« 

s        3< 

«1 

flC 

u 

et 

•                u 

u         Ot 

• 

k 

< 

>» 

►— 

•  «4 

M               a 

*» 

^             «   «4 

«• 

3 

^ 

** 

^^ 

o  e 

at               «^ 

** 

—        OC 

41 

*< 

^ 

u  « 

oc               ■ 

^ 

u  • 

et 

« 

■o 

k 

^ 

k 

•o 

k           .— 

k 

A 

§ 

s§. 

^               «1 

2           S 

A 

3     Si. 

0— 

a 

k 

^" 

—  «  .-i.^.^ 

k 

H 

3 

o 

b.    O  —  <M 

''t  ^    *l         Z          «1 

a 

o         ko» 

rg  m  V  ^ 

z         V 

•" 

Uf 

^  W— — 

►— 

<_<       ^  kl  ">' 

&       ^- 

z 

H- 

oc 

ae 

z 

2 

a. 

Ï 

< 

c 


o    c 

^-  -^ 

E     1      a 

3  >  o 
—  OU 
<     Œ     •- 


•I 


c 
o 
u 


tN 


m 

< 


• 

C9 

î» 

< 

• 

^ 

• 

X 

£ 

• 

o  ^ 

o     — 

CD 

O 

es 

fX  fM 

n 

^   ^>M  r\ 

tf% 

^        CN                    o 

—  «m 

> 

•      • 

• 

•     *   .    • 

• 

•        •                 . 

^ 

... 

< 

—  o  K^  — 

* 

O   oœ  r- 

to 

—       o  r\    —  tr\ 

o 

or»  r> 

o  — 

o 

"T 

• 

OOv 

f^  "^ 

CD    »> 

1^ 

O 

se 

o>.» 

O 

-o  o-« 

m 

CD     -                        o 

o 

«or>  o 

o« 

■• 

.    • 

• 

.    ■    .    . 

• 

•        • 

• 

... 

* 

OO     rN    — 

1^ 

o  C>  O)  r~ 

W' 

O    o      r^  -K% 

o 

r»f»  «c 

f^rg 

^t^  ^mm  »Ê^  ^mm  m 

fc-fc — 

O   <c 

Ov 

""""" 

•    ■ 

« 

•     •   •    • 

O 

• 

•     • 

ri 

(M 

»  iri  O 

•    •    • 

-o    »    - 

ir> 

O   0«  r» 

o» 

—     o        K,    „  K\ 

e 

sr»  ir> 

m   O 

eo   ffv 

. 

o  — 

^   »> 

o     • 

«r   yc 

ca 

•M  K> 

rg 

—    Oi^  w 

o 

fM     fM              o\ 

—    O 

—  *  r« 

> 

.     . 

• 

.     .   •    • 

• 

•         *                     • 

*      . 

... 

m 

< 

—  O   <n   — 

r> 

o   o»  r~ 

r* 

—     o  ir>  »  ir\ 

o  o 

cor»  \o 

iri   « 

r~    » 

s 

• 

^  »f\ 

ir\   ^ 

t>   m 

w    — 

c^ 

z 

o  rvi 

o 

O    OO  — 

if\ 

o    -                  o 

O    o 

O  fM    lf\ 

^ 

•     • 
-  o    K^   - 

• 
1^ 

.      ... 

• 
ir» 

•     • 

—   o      r\  —  tn 

o  o 

... 
CDi»  irv 

■M     CD 

o  — 

>< 

a>yc 

n  <M 

0   ^ 

o      fM 

s 

^m 

O 

f>i   ^  ^  irt 
•     ... 

• 

•     • 

T'^  O 

-ô    «   _ 

r^ 

O    o»  f- 

O 

—    o       »^  „  p» 

o  o 

col»  o 

iri   r» 

se      fM 

• 

—  o 

m      IM 

*       fM 

ir\    fM 

s 

0\  r^ 

«s 

O    — »  ^ 

^ 

a     <x              » 

o   — 

ioir>  0\ 

5 

.     • 

• 

«      ... 

• 

.       •                • 

•        • 

... 

< 

O  O    *    — 

^ 

O   o«o  f» 

r*" 

O     o  »  —  «^ 

o  o 

œt>.  t» 

oi   r«- 

CD    Ot 

ICI 

• 

r»   ^ 

CM    « 

IM     <C 

m   l<^ 

i 

O     O     K>     — 

O 
• 

o     O— '  N 
.      ... 

O   o  œ  r» 

o  o 

.        . 

o  o 

—  «  O 

... 

"^  ^  ^l^ôv""  ^ 

^^ 

^^~^j' 

, 

o  o 

f*   ^ 

O     CD 

CD   œ 

X 

I^  1^ 

o 

O    (M<o  ir> 

«TV 

Ol    .^                   o 

o   — 

ic  l^^  iTv 

S 

-  o   ri   - 

• 

•      ... 

O    o  «0  f^ 

• 

•      *                      . 

o  o 

... 
0  r«  ^ 

oc  h-  «  ^ 

«^  ac^ 

OC  ^  OC  h* 

oc  t— 

K  ►- 

■     ■■      ' 

1 

,_ 

■^   -«.^  ^N.   ■*%. 

^J   ^^   ^J 

^J  ^^  ^^  ^^ 

^J  ^J  ^^ 

g.  g,  g.  g, 

g,  g.  g. 

o 

o 

ïms   E   6 

o" 

•'-■•*^^— • 

^" 

et 

„ 

^ 

u< 

^^                ^ 

«4 

«-k 

^■^                  ^^^ 

•^ 

t— 

a           ~ 

C 

rj 

3                     C 

«M 

UJ 

^ 

•  ^ 

t^mm 

f                   a-o 

<i^  ^ 

jr 

kk      -^ 

< 

« 

3 

*-       3 

3  < 

•» 

—     S"     "â  < 

«1 

£ 

<-) 

W 

• 

k 

<_)           Ol 

• 

w 

« 

>»     ^ 

«  «4 

«1 

3 

>«      ^       •  *j 

M 

3 

&. 

*rf         ^v 

O  e 

«p 

«« 

M      «i»      oc 

41 

Ad 

^ 

w  • 

oc 

• 

^               i_>  « 

oc 

« 

■o        k. 

U 

■w       t.           — 

k 

Turbt 
Colou 

ïi 

a.  iw-"-^ 

«^ 

01 

Â       o       i  o> 

^ 

t» 

S 

« 

Z           01 

s        "Ô        T.   O  — ^ 

^^  0) 

^ 

»M                   ^^                   ^     U    "."'*■' 

Z 



^ 

z 

î 

^ 

• 


« 


L. 

o 


L. 


T! 


°=     <   c 
II 


o 


c 
o 

a 

ci 


m 
< 


>< 

X 

•- 

s 

• 

o  «c 

•       • 

• 

Oi 

•    •     • 

Of» 

CM  CM                         ITS 

•      •                             • 

pn 

>     Os«   <M 
•      •    •     • 

-c 

—  o 

|<^ 

—  » 

o 

»  r»   r« 

^  O    rs  w  r^ 

e 

"  "    ~ 

so 

• 

»  r> 

SO 

5 

e  — 
•     • 

• 

o 
• 

s  1^   o 

t-             « 

•     •    •    • 

* 

o  o 

l»^ 

V    f^ 

o 

p*  r^   so 

O  O  n  .  n 

O    r»r»  so 

o 

^  ^ 

O 

s 

O    1^ 

o 

CO 

»r>   o 

'"'•           O 

in 

S 

•        • 

^ 

^    r\ 

• 

e  r~    m 

(M  O    «   — '  O 

.    •^<o  O 

X 

^  o 

o 

(NI 

• 

o    eo 

O 

O    O 

li^»^               » 

so 

2   O»  f» 

1^ 

•     • 

• 

•       • 

•    •     • 

•    •                 • 

-< 

—  o 

irt 

—  • 

o  o 

CD  ^   r» 

—  O     m  _  « 

o 

o  '='•■  ^ 

»      «M 

o 

s> 

. 

n    r» 

o*    o* 

o  — 

so 

OS 

s» 

ae 

»  — 

•        • 

o 

O    O 

•      • 

o~  o 

O 
■ 

O    f«fM  O 

0> 

X 

O    O 

tf^ 

—   t^ 

o  o 

OD  ^    <r\ 

O  O    »\  —  1^ 

o 

O    r--'  r^  r*> 

o  ^ 

^  .———.——__ 

so 

so 

X 

1^    » 

<o  1^ 

o  o 

1^ 

K\ 

•      • 

o 

• 

O    <N 

•       • 

'^  m   m 

•    •      • 

1^ 

• 

K^    ITMfs   ITS 
•      •     •      • 

—    O 

<c 

mm       r^ 

e  o 

»  r^    r\ 

■N  O    »^  —  o 

o 

O  »f»  o 

^ 

^ 

fN 

—  » 

• 

o    » 

>C    ir 

o  s 

so 

o 

ca 

—    rs 

P^ 

o  — 

•^  r^    <M 

o 

_  — m  « 

> 

•      • 

• 

•      • 

< 

—    O 

•^ 

—       » 

O    O 

»  r*.    o 

—  o    »  —  « 

o 

o  œr»  — 

>0    ^f^ 

_ 

£^ 

• 

^    » 

—  ^ 

rs 

^r 

so 

£, 

Oi    — 

o 

• 

•       • 

o^    O 

•-             o 

O 
• 

o   as<s  in 

ON 

— 

o  o 

^ 

*    *^ 

o  o 

CD  f^     IP» 

O  O     l»^  _  r^ 

o 

O    r«"r»  tf^ 

s  \o 

* 

O 

o  r\ 

r-  1^ 

OO 

e 

in 

S 

•    • 

o 

• 

O    rs. 

•      • 

"^^•^ 

-^^                   ° 

O 

|»^   •vr»  m 

—  o 

if\ 

—   lf\ 

o  o 

©  r*    r* 

•no       »>  —  r. 

o 

O    œr«.  o 

FN 

OS  ^ 

« 

- 

at  ^ 

K  N» 

«  ^  oc  »- 

ae 

^  06  ►- 

^  ^  .^  ^ 

.^  ^  _i 

^  ,^  ^  ^ 

_j  i^  _< 

??§*? 

??g> 

^ 

ri'g'g' 

01  01  0» 

«r 

at 

~ 

^^ 

tM 

^^ 

_** 

^^ 

«"^          ^  ^ 

^ 

3 

e 

3                -^  C 

^^ 

^ 

•  -a 

C    ^    52 

3Ç 

kte 

^^ 

^*  ^^ 

"< 

■^  < 

^ 

^•^ 

3 

a  < 

« 

«»     a       a  < 

«f 

QC 

u 

01 

• 

u 

U          01 

• 

u 

« 

>t 

^w 

•  ** 

«• 

a 

>i      ?       •  «• 

Wl 

3 

^ 

*rf 

^^ 

o  e 

•» 

*< 

-*      -^      o  e 

•1 

^ 

u  « 

at 

• 

'^                 u  • 

(K 

« 

■w 

u 

^ 

k. 

•ou                — 

U 

2 

â 

€»  a 

■  o< 

m 

.   1 

:2    §    Si. 

« 

a 

a 

o 

^  <_l  ■— '■» 

Cii 

3          O          U    O  ^«  C«4 

m  V   V 

Z           4J 

a.      ^ 

z 

z 

S 

2 

-^ 

< 

•D 
O 


01 


—     o 
<   2: 


es 


o 
toi 


a 


o  — 

•     •  • 

— .    O    r\    —    1^ 


0\ 

ô      *     •   • 


0\  • 


O    O     l>^   »    >>^ 


O   r»   >n 


»    —   ir\ 


•      •    • 
(0    r>  o 


O     «M 


—    O    iri   — 


O    O    Ov    «  O 


O     O       ifi     „     K> 


o    o    ^    ^  00 


CD     <M 

•       • 

O   o 


o 

0^  ^  «  \C 

O  .  .     . 

ô  s  l>-  — 


ô  ô 


•   •     •    • 


O 
rv 


O    O    «>    — 


o  se 

O  O  ~ 

•  •    • 

O  o  ® 


O    O 


O    O  — 


o   oœ   f» 


»  o 


—  o    «  — 


^  o 

•      •         •        •     • 


—    O     in    — 


«M     «M 


O     O  <D 


0  ir\ 


O    — 


—    O    O    —    » 


—    o    —    tOO\ 


o    o    s    r>'  o 


10  . 


g  :: 


"-       o       «M     —     K\ 


c^   — 

O    O    o>   *  O 


o    o   ^    '^^  ^^ 


•        •  • 


o  — 

^  *  V  r-tft 

•  •  •  •    • 

O  O  œ  ^  *o 


^n  ot  ^^  ot  ^n  ^^  Oi 

■   ■■■■■   B 


«  V 


c 
o 
u 


<N 


ffi 

< 


o  o 


—  O  >»  — 


o>    — 
O    O 


O      «M 

_     OS 


o    O^    ^  ' 


<^o 


»^    o     m   —   m 


ir»   ^ 


O    Oa> 


r-  o 


?^n  ^^  ^R  ^^  ^^  ot 
S   E    ■   fi   ■    B 


o 


Z  01 

a.     »— 


■D 


Cl 


<0 


Il  " 

E  I 

2     <  « 
II 

oc      -  ~ 


o 

>0| 


c 
o 

a 


< 


• 

> 

< 

• 

• 
X 

s 

• 

o 

r> 

n 

*\  o> 

f»< 

O    P» 

^ 

5 

.        . 

o  e 

• 

• 
o 

• 

•      •                  • 

—  e  «>  .-  N 

O 

... 

B   i^r» 

r^ 

m 

• 

S  2 

o 

S 

o> 

r>ir> 

«   S 

o 

O    >^o 

o\ 

* 

•       • 
O    O 

■>^   V   r\ 

• 

o 

«    . 

O       O     M     —     N 

O 

B   r>.^ 

11% 

"" 

r\ 

^  ^  _ 

• 

(Ni     VO 

o^ 

P<l       B 

o> 

>< 

0   ri 

o 

1^ 

«Olft 

1^     l>^               o 

p;    P«o 

i 

• 

.     . 

—    O 

p-   _•   m 

o 

s 

r-r> 

«     O  m  — '   n 

O 

B  p»  r» 

m   w 

<0    r- 

o 

o  o 

^ 

3  S 

_ 

<oo 

OB                     _ 
»    rx                   O 

•^   ^ 

«M    «o  p» 

> 

•       • 

. 

.    . 

.      •                     . 

'   J    ' 

< 

«N    o 

m   —    « 

—  o 

OD 

I^O 

^    O   m   —   rN 

O    O 

B   P»  ir 

Ov    ^ 

—    O 

^_  » 

e   ir> 

K%  fN 

O 

o    o 

O 

«  ir 

O^    pg                  ^ 

«M      o 

<N     »  »> 

.     . 

. 

.    . 

X 

—  o 

ir>   —   n 

o  o 

B 

p*  ^ 

O     O      IfN    —    *x 

O    O 

B    r^  P^ 

• 
X 

o 

• 

«o   —   r>- 

—    ^ 

«  o 

so 

~  o    «  -  «; 

P<    Br> 

... 

s    P«  B 

ÏN     — 

B    r. 

o   a> 

m    o\ 

O    f* 

'   S 

'S 

«^   — 

r^ 

—  o 

. 

«MO 

»  o 

o    »  Oi 
... 

—  o 

.r    —    K\ 

o  o 

e 

p*^ 

«M    O    1^   —    >r 

o  o 

B     P-   « 

o>    — 

o  o 

i_  ^ 

>o 

§::: 

o 

—  o 

e 

»  in 

g    =                     O 

?.  s 

o\   ^  O 

c 

.        • 

.      •                    . 

o> 

• 
X 

SE 

—  o 

0<x 

c<   —    m 

o  o 

r^ 

i^ir 

_   o     «^    —    "^ 

o  o 

O 

ex 

«o 

O    r» 

"^    'Ï                  o 

ir    o 

P»      fM 

r-   — 

_  «  «n 

• 
f»   —   n 

.     ■ 
o  o 

n 

fO 

»  <=  «  _  r: 

o  o 

B    f^   <0 

oe  H- 

«  ^ 

oe  »- 

oe 

oe»-  «^ 

et  ^ 

ae  ^ 

^  ^  -i 

-i  .^  ^  ^ 

"^'«.^^.•^fc 

77? 

7?7? 

<-* 

o 

g's'rsrs' 

77 

o" 

^^ 

ac 

^ 

^^ 

t*i 

^^ 

_  *• 

*^ 

*"^     ^  ^ 

^^ 

^ 

3 

e 

a            —  e 

(N 

i*i 

^ 

•  "O 

"^  ^ 

»-               «  ^ 

2C 

tfe 

^^     ^  ^ 

< 

< 

^ 

^^ 

a       a  < 

«1 

^^     a       a  < 

w 

GC 

(_>       at 

• 

U 

(_i       0t 

• 

w 

* 

>« 

^       «M 

«« 

a 

>«    ï:     «M 

M 

3 

^ 

•— »      o  e 

« 

*< 

•<      >-'      o  e 

ftl 

^ 

'-'  • 

OE 

m 

••              1^  m 

OC 

« 

■O 

u 

•vu            ^ 

w 

.A 

o       i  oi 

« 

«1 

—       a       «  a 
A       o       a  a> 

m 

^      ^  fl  ^^ 

a 

w      —      —  «  ^^.»->^^ 

e 

3 

9       u  a  -> 

rst  <n  ^   u 

s 

« 

a       o       u  o  •>  <N)  m 

3JK 

z 

z 

O 

w 

Ï 

o 

■o 
e 

o 


■ 


^     T) 
O      » 


E      I 

—      « 
<    Œ 


p-l 


0* 


CD 


Ul 


O 

S 

< 

I  = 

D 

cr 
< 

a. 


UJ 

m 

< 


O 

C 

o 

I. 
o 


o 


Ic 

• 

• 

o 

• 

• 

• 

o 

• 

o 

• 

O 

• 

CO 

• 

• 

o 

• 

• 

O 

o 

•r 

o 

1 

• 

• 

— 

in 
• 

• 
(0 

• 

p» 

ru 

• 
CD 

• 

iri 
• 

• 
r* 

^  ^ 

• 

• 

• 

• 

fSI 

• 

• 

• 
CD 

ru 

• 

•r> 

• 

ru 

• 
CD 

ru 

• 

• 

m 

90 

I 

m 

o 

• 

o 

r» 
tri 
O 

• 

O 

o 

• 

o 

o 

• 
o 

CD 

m 

O 
• 

o 

o 

• 

o 

e 

o 

• 

o 

(M 

O 

• 

-2 

o 

• 

o 

ru 

O 

• 

o 

o 

O 

• 

o 

O 

• 
O 

o 

ITl 

o 

• 

o 

o 

• 

«r 
O 

• 

to 

o 

• 

o 

CO 

o 
o 

• 

o 

• 
— 

— 

— 

— 

— — 

— 

Et 
ï 

Mi 

ï 

^  _ 

— 

K\ 

f^ 

in 

m 

V 

- 

< 

S 

i? 

i 

r, 

r 

f\ 

K\ 

K\ 

K\ 

m 

1^ 

^ 

1^ 

If 

- 

- 

- 

- 

- 

- 

- 

- 

m 

"" 

ir\ 

m 

» 

K\ 

m 

» 

^ 

in 

m 

m 

to 

1 

• 
« 

i 

«r 

• 
O 

• 

O 

o 

• 

o 

o 
o 

w 
o 

CD 

• 
O 

a 

• 
O 

o 

• 
o 

• 
O 

o 

• 
O 

vO 

• 

O 

• 

o 

• 

o 

— 

o 
• 



O 
• 

• 
o 

• 

o 

o 

iri 

• 

O 
• 

• 
O 

• 
O 

o 

• 

o 

• 

f>4 

• 

O 

• 
O 

o 

• 

O 

• 

CM 

• 
O 

fs 

• 

O 

o 

• 

o 

• 

r«i 

• 
O 

rg 
ru 

• 
O 

O 
• 

O 
ru 

• 

ru 

• 
O 

«r 

CM 

« 

o 
o 

• 

O 

• 

• 

o 
-— 

rg 

• 
O 

o 

ru 

• 

O 
• 

r.1 

• 
O 

ir\ 
r^ 

• 
O 

C 
r« 

« 

C 

• 

O 

CM 

• 

O 

o 

— 

• 

• 

o 

ru 

• 
O 

ru 

• 
O 

O 
• 

o 
o 

• 

r» 

• 
o 

CD 

• 
O 

r^ 

0\ 
O 

o 

• 

«M 

» 

fm 

• 

<«l 

- 

i^ 

•> 

O        -        ^        -1       W 

-  -1  -  "1  - 

l#« 

I. 


—  u. 

o  I 

u-  "O 

0  o 

1  ID 


o 

«Ml 


GD 


e 
o 

-:. 

Ui 

< 


ic 

o 

• 

o 

• 

• 

• 

o 

• 

o 

• 

• 

o 

• 

• 

CD 

• 

ir\ 

• 

• 

• 

• 
*0 

m 

• 
in 

o 

• 

in 

'■ 

— 

ir\ 
• 

• 

in 
• 

• 
s 

• 
r. 

• 

• 

• 

• 

e 





• 
r» 

• 

• 

• 
S 

• 
r* 

• 

• 

rg 

• 

• 

IM 

• 

• 

J    ^ 

!  ^ 

■     o 

1 
1 
1 

o 

• 

o 

o 
o 

• 

o 

CD 

o 

• 

o 

O 
* 

m 

o 

• 

o 

Ô 

• 

o 

• 

o 

o 

• 

o 
—* 

O 

• 

o 

o 
in 
O 
• 
O 

<o 

O 

• 

O 

O 

• 
O 

a 

o 

o 

• 

o 
m 

O 

• 

O 

• 

o 

• 
O 

in 

O 

• 

O 

[ 

3  J 

\ 

~~ 

ÎÎ 

^ 





— 

— 

r  ; 

I 

w 

r^ 

■^ 

l»\ 

m 

K\ 

pn 

^ 

K\ 

lO 

m 

to 

I^ 

t^ 

lo 

f-\ 

■ 

• 

— 

- 

- 

- 

ir\ 

•\ 



m 

m 

in 

ir 

in 

> 

\C\ 

lf^ 

iri 

in 

9 

1 

Ï     o 
»     o 

• 

o 
o 

• 

o 

• 

o 

a 

O 
•>< 

• 

o 

• 
o 

9~ 

• 

o 



s 

CM 

• 
O 

• 

o 

IN 

• 

o 

«N 

• 

IN 

• 

o 

• 
O 

1      <=> 
«N 

• 

o 
s 

• 

1^ 

«M 

• 
O 

IN 

O 

o 

m 

• 

o 
o 

• 

m 

• 
O 

m 

• 
O 

o 
o 

« 

c 

« 
O 

c 

• 
O 

r- 
C 

m 

o 

m 

• 
O 

• 

o 

■ 

o 

9> 

m 

o 

• 

o 
__ 

• 

O 

r- 

• 

o 
o 

• 

• 
O 

O 
• 

o 
pi-1 

• 

to 

CM 

• 

o 

O 

o 

• 

o 

• 

-1  s 

o 

:  ^ 

o 

o 

• 
O 

»*^ 

o 

■ 

o 
1    = 

c 

C 

• 

o 
o 

• 

o 

• 

o 

• 

o 

• 

<M 

o 
o 

« 

c 
c 

C 
C 

C 

>      c 

t       — 

O 

o 

• 

— 
o 

■ 

1  ^ 

« 

^       •       *       p       —       «,       — 1      »       tf<i      «I      >.|      a       a>       S       — 
11                                       11                   1         1         1         1                   1 

1. 


V       1 

*■    "a 
O    c 


3 

< 


to 

e 


K 
< 


UJ 

ÎZ 

o 

e 

< 
o  = 

UJ 


5  = 

6  o 

_    ^_ 


S    O 

<  i 


1 

»    w 

«N 

N 

o\ 

>C) 

^ 

V 

o 

>£> 

OD 

r*- 

«#o 

^ 

<»• 

^ 

m 

\D 

<o 

rN 

ir\ 

«O 

tr\ 

m 

• 

• 

• 

r* 

• 

• 

• 

i. 

1 

f^ 

i<^ 

» 

— 

— — 

— ^ 

— 

— — 

.^ 

^ 

»  ^ 

^   ^ 

»o 

*^ 

rsi 

rg 

• 

• 

• 

• 

• 

• 

• 

K 

0 

CD 

» 

CD 

00 

CD 

CD 

^ 

^ 

«o 

» 

r~ 

lt\ 

OD 

Ov 

K^ 

^ 

-;  — 

• 

* 

O 

VO 

O 

O 

O 

O 

o 

O 

O 

O 

VD 

O 

M  ^« 

m 

• 

• 

• 

• 

• 

* 

• 

• 

• 

El 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

O 

* 

^ 

r- 

s 

« 

B 

o 

< 

w 

S 

< 

s 

■«N 

•<• 

ï 

'" 

s 

là  a 

g  — 

s] 

— — 

- 

« 

« 

r 

K\ 

lo 

K» 

r» 

K> 

tr> 

n 

K> 

V 

^ 

K\ 

f^ 

f^ 

1^ 

f^ 

w 

,. 

^ 

V 

— 

^ 

•• 

B 

u 

5  " 

s  3 

S  «^ 

ta»"" 

s 

in 

m 

» 

r\ 

m 

m 

m 

• 

^ 

o> 

» 

O 

ir\ 

r* 

^ 

tr\ 

e 

o* 

« 

IM 

K> 

•• 

^ 

•— 

•• 

^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

O 

O 

O 

o 

o 

o 

o 

^ 

^  „ 

^  ^ 

— 1 — 

^^^ 

_— 

>•«> 

^^ 

^•w 

»«> 

^^ 

^^ 

^  ^^ 

^^^ 

^^ 

s 

« 

r» 

ir 

yc 

ir\ 

r* 

lf\ 

« 

^ 

00 

^ 

p^ 

^ 

•B 

V. 

^ 

•B 

*-* 

^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

^ 

o 

O 

C 

o 

O 

C 

o 

o 

O 

o 

o 

^ 

^^ 

^^ 

^^ 

^^ 

^^ 



^^ 

^^ 

^•" 

^^ 

^^ 

■•^ 

^^ 

^^ 

■H- 

o 

o> 

ai 

^ 

o 

o 

o 

o 

o 

o 

s 

>^ 

r* 

r*- 

P-* 

fa 

<N 

— 

o 

— 

^ 

■^ 

• 

• 

• 

• 

• 

• 

• 

• 

c 

^ 

o 

O 

o 

— 

^■ 

— 

^ 

^ 

^ 

— 

— — 

»_ 

— — 

— '  — 

— — 

— — 

— 1 — 

— — 

— — 

— — 

-*— 

-— 

— — 

^~ 

0 

9 

o 

m 

r« 

o 

o 

c 

o 

o 

o 

o 

CO 

o< 

rsj 

^ 

•- 

rs( 

— 

fSI 

• 

• 
o 

• 

o 

• 

• 

• 

• 

• 

• 

c 
E             ce 

S 

s 

I 

- 

■_ 

a 

1 

•            — 

• 


o 
o    u 


o 


at 
en 


GO 


e 
a. 
< 


e 

O 

<N 

Ui 

a 
< 


l-r 

• 

IT» 

• 

0 

• 

• 

• 

CO 
• 

• 

• 

• 

o 

• 

m 

• 
m 

o 

• 

m 

• 
m 

OD 
• 

m 

• 

fa 

• 

• 

• 



• 

• 

• 

«0 



• 

• 
CD 

• 

• 

m 

• 

m 

• 

m 

• 

• 

m 

• 

• 

• 
CO 

• 

«M 

• 

• 

• 
oo 

• 

:  S 

• 

o 

o 

• 

o 

OO 

o 

• 

o 

m 

o 

• 

o 

ir\ 
o 
O 

• 

O 

O 
• 

o 

o 

• 

o 

• 

o 

<o 
o 

• 

o 

o 
o 

• 

o 

o 
o 

• 

o 

o 
o 

• 

o 

Ov 

• 
O 



• 

o 

• 

o 

Î  ; 

[ 

, 

£i 

f 

~~ 

in 

K\ 

m 

5  i 

d 

^ 

^  .. 

m 

m 

Hi 

4  a  ■ 

K\ 

f- 

r\ 

r^ 

K\ 

m 

K\ 

r^ 

in 

m 

■ 

:  - 

m 

if\ 



in 

m 

in 

m 

m 

— 



m 

m 

— 

? 

r 

-     o 

r    2 

*       O 

• 

• 
o 

« 

o 

C 
o 

C 

• 

o 

IN 

• 

O 
__ 

IN 

o 

VO 

o 

-- 

VO 

• 

o 

• 
O 

• 

VO 

• 
o 

• 
o 

00 

• 
o 

OD 

• 
O 

r* 
s 

O 

ir 
a 

c 

Ov 

• 
O 

Ov 

• 
O 

VO 
Ov 

• 
O 

o 

o 

O 
IN 

• 

O 

Ov 

• 
O 

• 

o 

o> 

o 

o 

«N 

« 
O 

o 

• 
O 

m 
oc 

O 

o 

C 

IN 
IN 

• 
O 

— 

C 

c 
C 

C 

Ol 

e 

o 

c 

O 

C 

C 

> 
1 

> 

> 

• 

o 
__ 

m 
o 

f> 

c 
c 

>      c 
If 

— 

C 

C 
C 

c 

- 

- 

o 

1 

t; 

■          * 

0\ 

o 
o 

« 

a 
c 

c 

o 
— 

• 

o 
o 

* 

• 

o 
o 

« 
o 

Ov 

o 

i 

M 

J 

b 

-1 .  - 

« 
^ 

•<■        ••        «ai       N 

z 

H  = 

■D 
C  I 


—     U. 

a 
O 

I      <] 

X     o 
c      l. 

ir    ' 


Ï  Z 

r^ 

>£> 

CD 
• 

«M 

• 

o 

• 

• 

• 

o 

• 

CD 

• 

• 

• 

in 

• 

o 
• 

• 

o 

1 

Zo 

« 

>o 

1». 

^. 

« 

« 

<o 

%o 

VO 

lO 

IC 

a> 

rx 

° 

a> 

-1 

•*       ^  1 

f 

• 

m 
m 

« 

in 

m 

irt 

^ 

>o 

«o 

m 

VO 

• 

« 

<a 

f^ 

^ 

r^ 

r». 

r* 

r* 

p- 

r* 

r* 

r^ 

CM 

M 

r>» 

o 

^ 

O 

^ 

^ 

^ 

^ 

<e 

« 

» 

» 

m 

(D 

m 

CD 

CD 

s 

0 

D 

CD 

œ 

» 

o 

CD 

a> 

^ 

rsi 

o\ 

(^ 

o 

r»< 

fM 

o> 

te 

m 

"cC  ■ 

•M 

ir> 

CO 

^ 

o> 

tr\ 

a> 

^ 

<»">«• 

^ 

^ 

^ 

«M 

ru 

^ 

fS 

^ 

^ 

X     ■     k 

■  I  » 

• 

• 

• 

• 

o 

o 

o 

O 

O 

o 

o 

O 

o 

_£ 

__ 

__, 

__ 

(C 

o 

«  ■ 

• 
o 

• 

■0 

" 

r  8 

>• 

_  — 

__ 

__ 

-> 
s 

C  1 

1 

• 

__ 

__ 



i  Ï 

r 

4 

-> 

1 

I 

'    ' 

_.. 

. 
1*1 

4 

^^ 

r— ■ 

. 

^ 

5 

3 

1^ 

f^ 

(^ 

1^ 

f^ 

r\ 

K\ 

1^ 

>^ 

f^ 

lo 

1^ 

f^ 

V 

W 

1 

• 

■ 

lU 

■> 

^ 

_ 

«. 

— 

— 

— 

— 

— 

— 

— 

o 

% 

— 

— 

— 

— 

— 

— 

— 



— 

— 



— 





§E 

m 
B 

n 

I^ 

I^ 

lo 

f^ 

K\ 

K\ 

1^ 

r\ 

m 

^ 

' 

< 

M        ** 

o> 

.. 

«N 

o 

c 

»M 

ir\ 

<«>1 

r* 

r^ 

»r 

m 

— 

> 
o 

4-» 

c 

t       C 

• 

o 

CM 

• 

• 

• 

o 

c 

• 
O 

• 
O 

• 

• 
O 

• 

o 

• 

o 

o 

• 

• 
O 

2 

<o 

^^ 

*  ^  ^ 

■  »«i 

^^ 

»  »« 

^^ 



■^B^ 

>  ^^ 

— — 

kU 

a. 

^* 

c 

•        T 

>       Oy 

_ 

ir 

ff 

*> 

1     r»J 

rg 

l<^ 

<c 

» 

c 

o\ 

O 

^ 

t» 

fS 

rs 

^ 

o 

i     «M 

fsj 

«N 

<N 

IN 

»«* 

l         «M 

» 

Z      c 

>           • 

>     o 

• 
O 

• 
C 

< 

c 

>      c 

»       • 

>    o 

• 

o 

• 
o 

• 

o 

• 
O 

• 

o 

c 

>     o 

o 

5 

o 

___ 

■  ^  ^ 

.  _  — 

-  — M 

.  _« 

.  »« 

._- 

.  ». 

.  ^_ 

.  _  — 

.  _  — 

.  — — 

._— 

.  __ 

_~ 

e 

4          O 

ir 

ir 

•^ 

r     r- 

O 

o 

o 

c 

o 

o 

«         CD 

m 

-J 

• 

• 

s       0 

^      O 

9 

ff 

o 

V        o 

3      0\ 

^ 

o 

o 

c 

*- 

o 

>       O» 

&> 

U 

_j 

s 

c 

•       • 
3       - 

c 

C 

>      c 

>      c 

•       • 
3      O 

• 

• 

. 

• 

c 

>        O 

O 

h- 

QC 

—  _- 

.  — - 

.  _. 

._  — 

i i ! i ! 1 

-l— — 

•  — — 

• 

K 

O 

e 

5       C 

c 

>      c 

>       f^ 

\       - 

-     ir\ 

o 

o 

c 

c 

c 

c 

)        O 

ce 

< 

4-> 

:    . 

c 

>      ^ 

1        0 

N          0 

\     a\ 

^ 

o 

c 

c 

ir 

\       — 

L 

C 

•                  4 

•       • 

• 

• 

O 

o 

« 

.              M 

V 

c 

>      e 

5      O 

— 

^ 

— 

e 

o 

.1 

^ 

^  -1  , 

uu 

1 

3 

m 

•               «1 

•      " 

<      ^ 

p      <« 

•      n 

»        « 

m 

t     • 

>     e 

>      •" 

m 

-J 

» 

•D 
O 
t. 
O 


c      I 

•(-     XI 

o     «> 


X     o 
c    u 


<       Q. 


o 

Oil 


0) 

a» 


go 


C 
O 


< 


il 

O 

• 

O 

— 

c 

• 
<^ 

• 

• 

ir\ 

• 

• 

« 

r*  1 
•  1 

CN 

• 
«M 

m 

V  i 

• 

S) 
• 

1^ 

• 

œ 

1 

• 
•* 

w 

2 

• 

irt 

• 

ir 

* 
a 

• 

0 

• 
9 

• 

ir\ 

• 

<o 

• 

• 

CO 

• 
• 

irt 

• 

• 

• 

r* 

• 

CD 

Kl 

• 

a> 

é 

• 
s 

in 

• 

• 

m 

• 

• 
OD 

m 

• 
p* 

1»^ 

• 
o 

m 

• 
p». 

• 

SI 

i 

B 

• 

O 

• 
O 

S 

o 
• 

9^ 

• 

• 

-s 

to 

(O 

• 

o 

• 

o 

to 

• 

O 

• 

• 

• 

O 
• 

o 

o 

• 

o 

in 
ir. 

• 



O 
• 
O 

O 
• 

o 

• 
o 

w 

S 

^ 

I 

M     ^ 

~~ 

•M 

I 

— 

— 

— 

— 

— 

— 

£ 

i 

II 

ï 

__ 

l»^ 

•r\ 

5 

ï 

•♦ 

O 

F^ 

|»^ 

K\ 

1^ 

f^ 

r\ 

f^ 

m 

K> 

1^ 

K\ 

m 

K\ 

n 

1^ 



— 

ir\ 

|»^ 

r^ 

r\ 

•^ 



— 

l<^ 

lO 

K\ 

m 

1 

• 

•> 
» 

O 

• 
O 

I 

• 

o 
o 

«N 

• 

O 
ir 

(N 

c 
s 

c 

• 

O 
o 

«M 

• 
O 

o> 

• 
O 

o 
o 

e 

IN 

• 
O 

r* 

• 
O 

>-  — 
o 

• 

o 

• 
O 

r* 

• 
O 

O 

• 

o 
o 

• 

• 
o 

— — 
o 

«N 

• 
O 

o 
o 

• 

o 

m 

• 
o 

«M 

• 
O 

• 
O 

• 

o 
o 

• 

to 

CN 

• 
O 

to 

• 

o 

irt 

• 
o 

o 

• 

to 

• 
O 

yo 

• 

o 
o 

• 

o 

IN 

• 
O 

• 

o 
o 

• 

o 

O 
«N 

• 
O 

IN 
<N 

• 

1     o 
o 

• 

o 
o 

• 

«N 

• 
O 

s 

IN 

• 
O 

IN 

• 

o 
K\ 

o 

• 
o 

• 

o 

in 

• 
o 

o 

• 

r» 

• 
O 

• 

o 
a> 

Ot 

• 
o 

o 

• 

PX 

• 
O 

IN 
IM 

• 
O 

o 

S) 

• 

o 
o 

IN 

• 
O 

<D 
IN 

• 
O 

o 
o 

• 

o 

(VI 

■■ 

■ 

i 

•• 

- 

= 

m 

s    Z 

2     =1    s     s     2 

::   c 

c 

a 

S 

E 
< 


•«-  -a 

0  o 
1—  -t- 

1  c 
s  o 
«  u 
a  — 


ce 


e 
u 

m 

o 
t- 

o 


îZ 

o 

s 
a. 

< 
> 
O 

S 
lu 

s 

UJ 


3 
U 

cr 
< 

a. 

-Il 


O 

Cl. 


ftl  ' 

C 

m 

IN 

If 

ir 

1» 

_ 

K\ 

^ 

»-" 

1 

• 

« 

1 

1 

• 

• 

• 

O 

se 

a 

o 

•" 

r 

— 

a> 

VC 

m^ 

m 

n 

<c 

\c 

<o 

IP 

• 

« 

« 

• 

• 

l 

„ 

^ 

r« 

r» 

r^ 

r* 

t 

a 

o» 

O 

r» 

f 

N 

O 

O 

■■ 

r- 

r~ 

(0 

a 

S 

S 

(D 

e 

W 

^ 

^ 

• 

r> 

« 

ce 

f 

1^ 

^<^ 

O 

h*  ^ 

^ 

rt 

ir 

r 

ir 

U 

ir\ 

^ 

«N 

.«< 

« 

o 

C 

c 

C 

C 

O 

o 

O 

fil 

w 

• 

a 

O 

o 

C 

1 

c 

• 
O 

• 

o 

• 

o 

5 

^ 

o\ 

<c 

K- 

B 

m 

ir> 

« 

" 

• 
O 

• 
o 

< 

— 

1 

< 

«^ 

t 

_ 

~~" 

Al 

t 

< 

— 

S 

ss 

< 

r 

» 

" 

■ 

" 

1         ■! 

^ 

^  " 

p-  ^ 

"■  " 

^ 

« 

1 

if\ 

m 

in 

m 

ir\ 

^ 

^ 

1^ 

rv 

>o 

K\ 

f^ 

K\ 

w 

^ 

• 

^ 

^ 

^ 

^ 

^ 

Si 

B  s 

°=J 

^ 

■•^ 

^ — 

"■"" 





^•"' 

■■^ 

^^" 

^^ 

^^ 

^^ 

^^ 

M  V 

m 

r\ 

r»* 

«M 

»o 

•Ni 

« 

rg 

ir\ 

^ 

ff» 

1^ 

«M 

(N 

r* 

3 

*-> 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

c 

«0 

fe 

O 

O 

O 

O 

O 

o 

O 

O 

O 

a. 

3 

(^ 

« 

m 

ai 

^ 

|»^ 

^ 

r* 

K\ 

^ 

te 

rg 

^ 

^ 

w 

rg 

«N 

rsj 

«» 

^ 

i. 

^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

«0 

» 

^ 

O 

o 

o 

o 

O 

o 

O 

o 

o 

— 

^ 

— — 

—  — 



— — 

— 





_  — 

.. 

__ 



O 

• 

O 

o 

o 

o 

O 

o 

O 

o 

o 

• 

a 

m0 

^ 

m 

o 

o» 

» 

in 

V 

VC 

m 

— j 

S 

■^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

C 

• 

««J 

»M 

o: 

— 

.— 

..^ 

— 

— 

— — 





— — 

— 

-- 



— 





■4- 
0 

o 

O 

o 

° 

o 

O 

o 

o 

O 

o 

^ 

: 

o 

^ 

>o 

ir. 

p^ 

CO 

CD 

0^ 

ir\ 

c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

rsi 

rg 

fM 

rsi 

1^ 

^ 

«H 

^ 

mm 

t. 

' 

1     ' 

1 

1 

E            ce 

o 

H- 

1 

s 

- 

•• 

« 

« 

■A 

<• 

•^ 

■ 

•> 

O 

- 

»• 

2     2 

W* 

3 

<               -* 

1 

•                       ^r 

^     o  i- 


b. 
I 

■C 

o 


<  ° 


«Ml 


o 


01 


et 


o: 
u 
o 

o 

u 

o 


e 
o 

LU 

03 
< 


i  z 

IT» 

VO 

^ 

-    1 

ITS 

PO 

»n 

o 

• 

o 

• 

• 

• 

o 

• 

ir 

• 

o 

ivO 

« 

\C 

p^      r*   1    f^   1 

f» 

^. 

r* 

r- 

e 

^ 

o 

o 

»> 

O^ 

o 

1           1           I 

1        1        1 

^    I 

"1 

**] 

r». 

ie\ 

» 

« 

>o 

>o 

irt 

VO 

VO 

r^ 

« 

m 

• 

• 

• 

• 

1 

r». 

^ 

r* 

r» 

f^ 

^ 

p*. 

r* 

r» 

r* 

r^ 

S 

O 

O 

O 

O 

o 

O 

'1 

O 

- 

r>4 

t^ 

« 

1^ 

K\ 

K\ 

1^ 

b1 

• 

• 

• 

• 

• 

• 

• 

<* 

• 

• 

• 

• 

• 

CD 

CO 

O 

s 

s 

s 

«1 

S 

o 

S 

e 

CO 

s 

CD 

D 

o 

z^ 

m 

œ 

^ 
^ 

'T 

■» 
» 

VO 
VO 

to 

e 

VO 

irv 

in 

^ 
m 

O 

Ov 

CD 

o 

SJ 

O 

O 

O 

o 

o 

o 

O 

o 

O 

O 
• 

O 

• 

• 

O 

• 

• 

• 

• 

s 

_o. 

_J^ 

-<= 

o 

o 

o 

o 

o 

-2. 

O 

O 

o 

irv 

O 

o 

O 

O 

o 

~~ 

<«■ 

o 

• 

o 

- 

« 

s 

s 

■ 

_^ 

^ 

,^ 

=; 

«• 

S 

— 

fii 

Z 

S2 

•«*- 

îi 

■^  — ' 

M» 

' 

1 

^M- 

^^ 

^^ 

^      J          ■  ^ 

^^ 

^^ 

^^ 

^«Mi 

^ 

s 

< 

r 

1^ 

lo 

m 

K> 

K^ 

lo 

1^ 

K^ 

»n 

p<^ 

>^ 

1^ 

•^ 

K\ 

^ 

_v 

^ 

!       1 

^ 

1 

* 

m- 

— 

— 

— 

— 

— 

— 

— 

• 

■" 

"■ 

8  s 

ÔÏÏ 

^ 

^^ 

^^ 

^^ 

»'— 

^^ 

^■~ 

.    -1 

lui  V 

1 

m 

Csl 

l»^ 

IN 

*N 

Csl 

fS 

<M 

— 

rsj 

og 

CN 

m 

o\ 

f^ 

O 

o\ 

in 

Ov 

^ 

VO 

VO 

o 

» 

in 

m 

O 

^ 

S 

— 

— 

— 

fN 

— 

— 

f»4 

fs 

«M 

CN 

IN 

k 

o 

O 

o 

o 

o 

O 

O 

O 

o 

O 

O 

o 

O 

O 

O 

o 

? 

k 

1- 

o 

a> 

o 

o 

VO 

Ov 

^^ 

VO 

^ 

o 

^ 

m 

m 

o> 

CD 

z  u. 

1   - 

^ 

<N 

«• 

^ 

fN 

•M 

«» 

fM 

«M 

CN 

<N 

^ 

^ 

1 

^ 

^ 

• 

• 

• 

• 

• 

• 

• 

< 

• 

• 

• 

» 

~ 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 

o 

O 

O 

O 

o 

o 

a 

■" 

^"^ 

^^ 

^^ 

■^■^ 

^^ 

*^^ 

■w  ^ 

•p^^ 

^»^ 

——H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

«> 

■« 

fM 

fM 

r* 

p^ 

^ 

(^ 

fN 

o 

^ 

o 

o 

o 

S 

IM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

i 

• 

• 

• 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

•" 

^ 

■^ 

^ 

" 

^ 

^ 

— 

>^.« 

\       [       !      -'—     ! 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

K' 

o 

o 

o 

1 

^0 

f^ 

r\ 

K> 

fN 

VO 

1^ 

rsi 

«r 

^ 

<M 

^ 

» 

o 

fN 

• 

• 

• 

• 

• 

- 

c 

- 

^ 

1 

j 

1 

1 

2 

<• 

=  nn  = 

-1      -        - 

1        V         iM 

•• 

1  ^ 

s   e 

« 


0  s 

M-  •♦• 

1  c 

«  o 


01 


te. 
< 


lU 


O 

e 

< 

> 
o 

tr 

UJ 


c 


5  -      i" 


D 
O 

<  4-» 

UJ         I 


i.£ 

• 

• 

• 

• 

• 

• 

• 

o 

• 

CD 
• 

l<^ 

• 

• 

ir. 

• 

o 

• 

1^ 

O 

I 

• 

1 

• 
CD 

• 
• 

1^ 

• 

• 

CD 

• 
p* 

• 
• 

CD 

• 
• 

• 
• 

CD 

• 

m 

• 

fN 

• 
CD 

m 

• 

fN 

• 
B 

• 
CD 

• 
OD 

• 
CD 

o 

• 

IN 

• 
CO 

fN 

• 
CO 

El 

o 
o 

• 

o 

o 
o 

• 

to 

o 

• 

O 

r- 

o 

• 

o 

• 

O 

<o 

o 

• 

B 
O 
O 

CD 

• 

© 

o 

« 

c^ 

• 

• 
O 

• 

B 
in 

• 
O 

• 
o 

r* 
m 

• 
o 

O 
fN 

• 

« 

- 

8 

m^ 

< 
8 

9m 

- 

I 



— 

— 



• 
rg 

• 

in 

• 
in 

i^ 

I 

9 

1 

w 

Ï 

• 

• 

• 

tn 

• 

GO 

• 

fN 

• 

• 

• 

><> 

O 
• 

• 

• 

• 

m 

S 



«••-> 
^ 

m 

— — 

— 



ir 

Ipl 

«» 



rt 

— 



m 

in 

1 

• 

a 
• 

k 

I 

irt 

• 
o 

• 

o 

o 
o 

• 
• 

CD 

• 

o 

• 

o 

VO 

• 
IN 

« 

• 
o 

CM 

• 

o 

• 

CD 
CO 

• 
<N 

• 
o 

o 

• 

o 

• 
• 

• 

o 

r- 

• 
o 

cc 

« 

c 

IT 
f> 

• 

o 

« 

o 
— — 

« 

C 

O 

• 
o 

c 

o 

« 

c 
o 

K 

oc 

fs 

ir 

so 

• 
o 

• 

o 

|<^ 

■ 

PX 

r» 
• 

o 

• 

o 

m 

• 

«M 

VO 

• 
IN 

• 
o 

• 

o 
o 

• 

rg 

• 

• 

o 

• 

o 

IS 
Its 

• 

o 

• 
o 

CD 
• 

o 

IS 

in 

• 

IN 

• 

• 
o 

• 
o 

o 

• 

»o 

fN 

• 

CO 

• 
o 

• 

o 

On 
IN 

• 

IN 
PW 

fM 

• 

o 
_— 

• 

o 

IN 

• 

o 

IN 

• 

i 

- 

#N 

« 

W 

•/I 

<a 

•^ 

•      v> 

«>« 

= 

m 

«t 

v 


4-  -O 

0  œ 

t—  ^- 

1  c 

>  1> 

a.  >- 


o 


m 
s 


< 


e 

O 

u 


UJ 

< 


ic 

O 

• 

1^ 

o 

• 

o 

• 

• 
1^ 

o 
• 

• 

ir> 
• 

• 

s 

• 

o 

• 

o 

o 

• 

1^ 

• 

lo 

o 

• 

1^ 

8 

• 
<N 

• 

« 

r^ 

^' 

m 

ir\ 

in 

tc      m      >o 

«o 

NO 

\o 

lO 

r* 

p» 

r^ 

f^       f^       r« 

r^ 

r^ 

1 

»M 

<M       O       oi       <«< 

IN 

»>4 

^^ 

> 

fx 

rg 

<N       (N 

^ 

• 

• 

• 

• 

• 

• 

• 

•         •        •         • 

• 

• 

• 

•         • 

m 

O 

OD 

e 

S 

B 

CD 

eo      B      «      eo 

o 

S 

B 

r-    8 

I 

,  1 

1 

L"  ' 

1 

~n 

- 

• 

n 

m 

^ 

o 

« 

«M 

O 

o 

m 

r4 

s 

r«l 

s 

B 

O      NO 

"'■  ^ 

0 

r\ 

« 

K\ 

ffi 

o 

in 

N 

V 

^ 

r\ 

o> 

NO 

"* 

M  <^ 

• 

^ 

^ 

o 

o 

o 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

•" 

^       ^ 

'J 

»• 

• 

• 
o 

• 

• 

o 

• 

o 

• 

• 

o 

• 

o 

• 
o 

• 

O 

• 

o 

O 

• 

o 

• 
O 

•        • 

s 

~~ 

r* 

o 

O 

« 

" 

• 
o 

• 

o 

^ 

« 

8 

^ 

"' 

^ 

, 

^ 

^^ 

^ 

Ï 

^ 

< 

^  ^ 

Ï 

" 

^    ■ 

" 

■*— 

ma 

— 

z 

S2 

■^ 

n 

a* 

a> 

9 

y 

5 

fSl 

r^ 

o 

r* 

*s* 

r*- 

r^ 

OD 

B 

o 

K\ 

1 

T 

• 

• 

• 

• 

CM 

• 

• 

IN 

• 

1^ 

• 

• 
rg 

• 

IN 

• 

P>4 

• 
<N 

• 

1^ 

• 

m 

1^ 

W 

• 

m 

». 

^ 

»■ 

— 

•- 

— 

^ 

"" 

2 

m 

m 

^ 

ir\ 

w 

» 

w 

f^ 

^ 

•* 

IT 

» 

^ 

«^ 

<N 

a 

r~ 

r* 

^ 

^ 

'O 

« 

fM 

<^ 

IN 

fN 

C 

c 

«• 

■■ 

■■ 

^ 

^ 

^ 

^ 

^ 

• 

o 

o 

c 

O 

o 

o 

o 

o 

O 

o 

o 

o 

c 

C 

c 

o 

^_^ 

- 

-— 

— 

~ 

1 

— - 

— 

— 

— 

->« 

— — 

._ 

— 

— - 



— 

-— 

3 

• 

^ 

fO 

s 

ct, 

p* 

>n 

r\ 

«c 

« 

. 

rx 

— 

rs 

K 

c 

— 

^ 

IZ 

^ 

^ 

4     - 

^ 

^ 

— 

^ 

«■ 

^ 

^ 

^ 

^w 

^ 

« 

« 

A        • 

• 

» 

• 

• 

• 

• 

• 

• 

• 

» 

C 

o 

C 

c 

<= 

o 

o 

o 

o 

o 

o 

O 

c 

C 

c 

c 

o 

1 

■■ 

^   '■ 

■W^ 

^^ 

^      [     ^ 

W       i      ^ 

■^-ri— ^ 

o 

«■ 

IT 

a 

o\ 

o 

K" 

•» 

s 

» 

f' 

1       ^ 

I' 

f 

ON 

M 

■• 

^ 

C 

Œ 

œ 

^ 

Oi 

r» 

B 

r» 

I» 

>c 

V 

If 

o 

S 

M 

1         • 

, 

• 

• 

• 

• 

• 

• 

• 

1 

• 

1    ^ 

« 

_ 

c 

o 

— . 

V 

o 

o 

O 

O 

c 

c 

c 

c 

o 

- 

1— 

h- 

i— 

■^  — 

_— 

1             1             1             1 

1 

__ 

— — 

.»_ 

o» 

<c 

If 

fN 

o 

«» 

a> 

^ 

o> 

OD 

f*» 

CT 

a 

u* 

0 

o 

> 

«TV 

CT 

a 

a 

r- 

o 

o 

o 

<c 

NO 

m 

IT 

IT 

IT 

^ 

ON 

" 

u 

C 

\      = 

c 

C 

- 

- 

o 

o 

o 

O 

c 

c 

c 

c 

o 

^ 

1 

1          III 

S 

<« 

J 

1=  =   . 

I         111 

^ 

c   e 

a 

- 

o 

I. 


—  u. 

a  I 

■»-  -D 

0  O 

H-  ••- 

1  c 
X  0) 
O  l. 

q:  >- 


•«      <         — 


m 


K 
< 


\u 


O 

S 

& 
—I 

< 
> 
o 
s 

tu 

S 

UJ 


D 
O 

ce 
< 


UJ 

<       Q. 


le- 

<o 

• 

0 

• 

• 

O 

• 

O 

• 

O 

• 

m 

• 

o 

• 

o 

• 

• 

• 

o 
• 

• 

f^ 

i<^ 

r^ 

»^ 

*r 

^ 

^ 

^ 

• 

p\ 

Isa 

r% 

1^ 

« 

r\ 

(^ 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

r*- 

r^ 

r* 

r*- 

f^ 

^ 

r^ 

r» 

1  - 

1 

^^" 

«M 

fM 

ra 

"1 



_  ^^ 

^  ^ 

„ 

„ 

r<* 

fM 

fM 

tN 

(SI 

■ 

œ 

0 

CD 

e 

0 

0 

0 

a> 

a> 

CD 

0 

CD 

0 

CD 

O 

.r  ■  ~ 

^ 

'•  w  ■ 

«  >*  « 

B    1  » 

^ 

^  ^ 

^  ^ 

_   

_    ^ 

O 

«  ■ 

• 

» 

■ 
o 

^M    ? 

i 

:.  1 

I 

- 

< 

c  ï 

[ 

^ 

« 

i  î 

t 

. 

4 

c  i 

{ 

r— " 

" 

~ 

!!iî 

t 

. 

s 

« 

ï   - 

00 

r~ 

CD 

ir\ 

vo 

*r 

<£> 

a> 

\C 

iTt 

r~ 

r*. 

<o 

in 

1 

1 

• 

■ 

tf 

■       _ 

— 

— 

— 

— 

— 

^ 

~ 

^ 

u 

^ 

_ 

o^ 

1 

5      -r 

m 

rx 

r^ 

m 

ir> 

•r 

ir\ 

< 

J        ^ 

^ 

r>l 

E> 

r^ 

^ 

O 

« 

K\ 

ir> 

tr\ 

CD 

m 

» 

9 

fM 

rg 

^ 

•• 

CM 

fM 

r^ 

^ 

^ 

m 

— 

" 

4-> 

• 

• 

• 

• 

• 

• 

• 

• 

• 

c 

t       O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 
—  — 

C 

c 

C 

9 

r*. 

l>i 

r» 

r* 

f» 

^ 

in 

r» 

m 

r* 

00 

r^ 

t      o 

C 

.^ 

«te 

<M 

^ 

^ 

f> 

<N 

•- 

^ 

n 

*> 

1      - 

«D 

«V 

• 

• 

i 

< 

» 

m.        O 

O 

o 

O 

o 

o 

o 

O 

O 

O 

O 

O 

C 

>      c 

C 

O 

O 

9i 

0\ 

» 

•N 

«o 

<o 

1C 

NO 

te 

0 

^_ 

S 

>      - 

r 

• 

a 

îf      ir\ 

iTl 

^' 

lf> 

m 

IT 

rs 

l» 

»n 

•■ 

^ 

>^ 

_J 

^ 

s    • 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

« 

' 

• 

rst 

<N 

1^ 

^ 

f> 

F- 

fM 

K' 

* 

"■ 

d: 

._  — 

.__ 

■U"- 

■p  — 

U- 

T" 

•J-  — 

x^^ 

1— — 

i— — 

o 

in 

O 

Œ 

^ 

m 

CT 

Ov 

Ov 

^ 

■*« 

—         vi 

3          ^i 

c 
o 

m 

OC 

o- 

• 
)      r- 

Vf 

O 
• 

• 

■^ 
r* 

F- 

1         ^ 
1         f 

1 

< 

^ 

o 
1 

3 

- 

M 

•      - 

m 

« 

<• 

- 

• 

• 

e 

z 

^ 

.    , 

«^ 

< 

» 
• 

L. 


—  U. 

C  I 

0  e 

1  o 

>  c 

c  1. 

te  •- 


*^"l 


o 

«Ml 


<a 


et 
0. 
< 


a 


< 


ic 

• 

• 

(^       eo 

•         • 

• 

o 

« 

O      o 

•            • 

• 

• 

* 

• 
m 

• 

• 

m 

• 

« 
1 

• 

• 

• 
• 

• 

• 

.^ 

in 

• 

r- 

• 

• 
• 

• 
• 

• 

• 
eo 

• 
r» 

* 
<o 

• 
eo 

• 
eo 

• 

• 

• 

O 
• 

eo 



«M 

• 

CM 

• 

rg 

• 
œ 

• 

i 

1 

1 

• 

~  ~ 

m 
o 

O 

• 

o 

r 

[ 

—^ 

_• 

__ 



Z  i 

Î 

s] 

é 

î 

— 

-J 

î 

lO 

•h 

r 

in 

^ 

m 

K\ 

m 



1 

^ 

■» 

K\ 

in 

K\ 

» 

m 

ir\ 

1 

m 
m 

:   ^ 

■» 

ir> 

m 

— 

— 

ir> 

m 

^ 

irt 

^ 





^ 

» 

— 

■ 

ê 

1  ! 

1 

Ù 

M          O 

>      a 
î      S 

r* 

• 
O 

• 

O 

s 

• 

rst 

• 
O 

o 
o 

• 

as 

• 

o 

• 
O 

\o 

CN 

• 

o 

Kl 

O 

• 

o 

— 

«S 

C 

c 

K' 

• 

o 
_— 

• 
O 

o 

• 

in 

• 

• 

O 

>o 

oi 

• 
O 

o 

• 

• 

• 

o 

CM 

• 
O 

• 

in 

• 

PX 

• 
O 

• 
O 

rx 

• 

tn 

• 

rx 

• 
O 

rg 

tM 

• 
O 

O 
• 

rg 

• 

fM 

• 
O 

fs 

CM 

• 

O 

• 

• 

• 
o 

• 

o 

CD 

• 
O 

fM 

• 

i~ 

CM 

• 

O 

<c 

CM 

• 

o 

• 
O 

• 

• 

o 

r* 
O 

IM 

• 

• 

• 
o 

eo 

es 

• 

o 

a 
c 
c 

o 

i 

^ 

- 

=      = 

z  z 

Ai 

1     J     ,1     -.1     - 

H-^ 

e 

s 

0m 

s    < 


•o 
o 
I. 
o 


*  4,  / 

Ô  *  I 

I  a 

>  o 

o:  t-    I 


UJ 


o 

s 

0. 

^ 

< 

> 

4  > 

o 

c 

2 

«0 

LU 

o. 

OC 

^ 

111 

u 

t- 

«o 

^ 

t_3 

3 

• 

o 

-J 

»— 

a: 

K 

o 

< 

4-1 

^ 

c 
o 

«M, 

t. 

,1 

o 

«N 

^ 

Ui 

1 

.^ 

m 

r-1 

< 

O. 

î.£ 

• 
CD 

• 

(D 
• 

to 

• 
<o 

• 

• 

• 

«o 

• 

• 
<o 

• 

• 

«^ 

r^ 

• 

K» 

■ 
•* 

I  I 

1 

— 

• 
CD 

• 

• 

• 

K\ 

• 

IN 

• 

• 

• 

• 

< 

• 

• 

• 

• 

• 

CO 

• 
0 

CM 

• 

CM 

• 

• 
CD 

• 
CD 

O 
• 

CD 

• 

• 

• 

S 

«;2 

• 

o 
o 

• 

o 

• 

o 

• 

o 

CD 

o 

• 

O 
• 

o 

O 

• 

^^* 

CM 

O 

• 

«> 

r\ 
O 

• 

o 

• 

C 
O 
C 

c 

• 

iM 

o 

• 

o 

o 

• 

O 

• 

r^ 
O 

• 

o 
»^ 

O 

• 

o 

ÎÎ 

* 
[ 

— 



— 

— — 

r- 

r». 

5  1 

f 

\D 

9S: 
2-1 

1 

\      - 

to 

T 

lf^ 

<o 

r~ 

r* 

r* 

in 

I' 

^ 

3  s 

■ 
a 

- 

■ 

- 

- 

- 

- 

- 

in 

IPI 

<C\ 

r\ 

ir 

r 

ir 

in 

in 

m 

te 
1 

• 

t       O 

b 

•       rN 

S         Kl 

i*     a 

« 
o 

c 
c 

o 
c 

\       a 

i       c 

•     - 

• 

o 
.  — 

)      o 
\      o 

»           • 

5         O 

o 

• 

o 

• 

o 

O 

• 
o 

o 

• 
O 

o 

• 

O 

CI 

• 
O 

o 

• 

o 

E 

c 

c 

E 

• 

o 

C 

r« 
r- 

C 
.  __ 

C 

o 
C 

o 
c 

a 

a 

>  c 

>  a 

r 

c 

t        0 

>     c 

s      1 
3        " 

3 

:  - 

• 

c 

• 
I» 

c 

r        C 
r 

« 
.... 

3 

r 

in 

• 
o 

in 

lO 

• 

:    o 

• 

• 

fsi 

O 

œ 

• 
o 

• 
o 

CM 

• 

• 

o 
*\ 

«M 

• 

o 

• 
• 

m 

• 

o 

CM 

• 

o 

o 
en 

• 

o 

• 
O 

IT 

• 

o 

Kl 

• 
o 

œ 

o 

• 

i 

M 

.    - 

m      1* 

<« 

>       »       ■ 

• 

O        - 

•>•          «          « 

«/« 

c     I 

O      « 


>      O 

a.   <- 


o 

0) 

S) 

■a 


m 

CO 


C 
O 

u 


LU 

m 
< 


*«- 

m 

fM 

*" 

e 

ir> 

m 

r^ 

r» 

m 

m 

o 

m 

• 

IN 

• 

o 

• 

r> 

\c 

« 

^\ 

\o 

yo 

<o 

\o 

ir> 

ri 

te 

f* 

p* 

s 

— 

— 

(NI 

J 

« 

m 

f^ 

C4 

fM 

*M 

«M 

^ 

m 

m 

K\ 

If\ 

^ 

w 

• 

• 

• 

• 

• 

• 

• 

1- 

— 

P* 

P*. 

p*" 

r» 

O 

O 

p» 

r- 
»« 

— 

IN 

p* 

K% 

1^ 

O 

O 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1    e 

0 

0 

0 

CD 

o 

o 

o 

CD 

CD 

m 

« 

O 

O 

o 

0 

1 

1 

"-.» 

O 

r* 

»0 

^ 

O 

o 

« 

<e 

K^ 

» 

ir\ 

•^ 

K\ 

OD 

ir> 

"•  ^  m 

o\ 

r^ 

r^ 

^C 

<o 

r» 

in 

to 

IN 

o> 

o 

PO 

O 

sïi 

o 

O 

O 

o 

O 

O 

o 

— 

O 

O 

«M 

— 

— 

" 

• 

• 

• 

• 

• 

• 

• 

■  ■»& 

_û 

n 

_^ 

Q 

.,o 

.0 

ç 

o 

o 

ç 

o 

O 

» 

o 

«îi 

O 

.  • 

to 

o 

• 

o 

«.  c 

:.  s 

[ 

. 

: 

c  1 

[ 

_  — 

«  ; 

t 

i  1 

l 

d 

«»    ^ 

« 

C  î 

I 

g  si: 
2-J 

é 

•w 

9 

i  î 

r*. 

r* 

p*- 

p». 

r^ 

r» 

in 

p^ 

^ 

^ 

m 

KS 

« 

in 

m 

^rf 

. 

1 

1     1 

1 

1 

■ 
1*  ^ 

^ 

^ 

^ 

^ 

„ 

_ 

— 

— 

— 

— 

S  2"! 

*— ^ 

b4  ^ 

1 

■ 
■ 

m 

irt 

lA 

ir> 

K^ 

<e\ 

IP 

in 

to 

in 

tn 

w       lA 

■^ 

>o 

m 

O 

«M 

>» 

O 

te     e 

o* 

O 

» 

OD 

(NJ 

■        ÏN 

CM 

f>* 

fN 

CN 

«M 

IN 

fs 

n 

Kl         IN 

»0 

^ 

«r 

■          . 

• 

• 

• 

• 

• 

• 

• 

a             • 

• 

• 

• 

O 

O 

o 

O 

O 

O 

o 

o 

O      o 

O 

o 

O 

o 

o 

^1 

__ 

*^ 

»       * 

^ 

^ 

r» 

rs* 

^ 

»N 

Kl 

a 

te      s 

r\ 

ir> 

o 

^ 

p*- 

=       '^ 

• 

• 

• 

r<4 

• 

• 

«N 

• 

(N 

■ 

PS 

K"         CN 

• 

K^ 

• 

• 

K% 

• 

• 

»  ^ 

-       O 

O 

O 

O 

o 

O 

O 

O 

c 

o     o 

o 

O 

o 

o 

o 

o 

r* 

>fi 

«A 

o 

o 

«M 

Ol 

c 

a 

H  <= 

CT> 

IPI 

^ 

•» 

■« 

i 

s      a« 

O' 

o 

o 

O» 

» 

c 

•■ 

IV        o 

Ot 

Oi 

o 

•— 

^ 

M 

• 

• 

• 

• 

• 

•          • 

• 

• 

• 

" 

O 

c 

« 

— 

o 

o 

o 

—      — 

o 

o 

— 

"■ 

-*        1     — 

'^     ;  -  — 

»-  — 

•«-— ~    i       i       !       1 

ï    2 

rs 

vO 

o 

•o 

a> 

ve 

s 

>      o 

N        o        c 

0\ 

o 

ce 

m 

m 

o 

ON 

a 

c 

>      c 

>      o     c 

>     o 

c 

(T> 

B 

■ 

* 

• 

»           • 

• 

• 

• 

• 

— 

— 

— 

— 

o 

c 

in" 

c 

o 

o 

i 

^ 

-    -    -    2 

J     .      - 

« 
*• 

K 

s 

= 

■D 
O 

O 


O      O 


< 


«Ml 


CD 


et 

CD 

o 

u 

o 


O 

e 
a. 

< 
§ 

kU 

cr 


5     o 


D 
O 

< 

a. 


CM 

UJ 

m 
< 


cr 

o 
*-> 

c 
o 

s_ 
o 


O 

a. 


ic 

• 

• 

1^ 

o|     - 
o      <c 

• 

• 

• 

• 

p~ 
to 

<o 
to 

• 

m 

I  - 
I 

IT 

• 
<0 

• 

tM 

• 

• 

• 

4 

• 
* 



P- 
< 

• 
p^ 

• 

irv 

• 

• 

ID 

m 

• 

in 

• 
p*. 

IM 

• 

— 

— . 

• 
• 

■i- 

O 

o 

• 

o 

IM 

• 

o 

CO 

o 
o 

• 

o 

o 
o 

• 

o 

o 
o 

C 

c 

o 

CO 

o 

• 

p* 
o 

• 

o 

to 

o 

• 

o 

• 

o 

o 

• 

m 
o 

• 

o 

p- 
o 

• 

o 

O 

• 

o 
o 

• 

o 

s 
c 

o 

r  1 
=.  1 

1 



— 

— 

— 

— 



— 

f^ 

S] 

Î 

— 

~~ 

— 

— 

— 

m 

m 

K\ 

z.] 

5-J 

é 

r 

• 
« 

p\ 

lo 

r\ 

K\ 

»n 

K> 

m 

m 

m 

K\ 

a 

•      — 

- 

- 

_ 

— 

- 

in 

m 

m 

— 

— 

m 

ri 

yc 

m 

IP 

in 

1 

J      c 

a 

• 

o 

• 

o 

>  ec 

-  C 

5      r- 

>  ec 

-  c 

• 
o 

m 

a 

E 

c 

cr 
v£ 

C 

o 

• 

o 

— 

o 

IN 

c 

IN 

o 
c 

a 
c 

in 

CN 

• 

.  o 

— 

fN 
»N 

« 

o 

<c 

>      c 

)        fv 

>            *N 

fN 

c 

— 

c 

< 

c 

«■ 
r- 

C 

1      c 
1      a 

c 

a 

1 
c 

a 

>  c 

>  K 

a 

>  c 

)      •■ 

>  CI 

)       c 

• 
o 

)     <r\ 

k       • 

>  o 

il 

>  o 

-     If\ 

■)    <> 

5      O 

• 
o 

in 

• 

• 

o 
o 

rsi 

• 

o 

IN 

• 

CD 

• 

.  __ 
p- 

• 

o 

to 

• 

o 

• 

o 

IM 

• 

o 
__ 

IM 

• 

o 

CM 

• 

o 

— 

IM 

• 

o 

a; 

• 

o 

a> 
o 

* 

o 

cc 
>c 

o 

eo 

• 
o 

IM 

• 
O 

• 

o 

• 

o 

o 
eo 

o 

c^ 

o 

• 

o 

VD 

o 

p» 

• 

o 

eo 

o 

i 

M 

m 

« 

r       •# 

« 

>      "■ 

•        • 

'     °     " 

M 

:    =    = 

'      <e< 

L. 


C       I 

0  W 

1  c 

>  o 

tr  ►- 


f»*( 


o 

«Ml 


in 
« 

Ok 


ID 

O 


o 


e 
o 


Ul 

CD 
< 


ic 

• 

• 
OS 

■: 

o 

•                 • 

o      — 

« 
£ 

• 
IN 

• 

IN 

• 

• 
•-1 

ICI 
IN 

• 
o 

• 

Ot 

o 

• 

o 

• 
IN 

• 

• 

... 

• 

• 

• 

• 

• 
s 

— 

— 

• 

• 
s 

m 
• 

<o 

• 
• 

m 
• 

• 

• 
• 

— 

m 
• 

• 

• 

• 

• 

• 

• 

'    o 

• 

o 

o 
to 

o 

• 

O 

tu 

r» 

O 

• 

O 

ON 
• 

o 

• 

IN 
CN 

IN 

• 

o 

• 

IN 

• 

o 

o 

• 
o 

o 
o 

• 

<o 

o 

• 

o 

o 

• 

o 

• 

o 

r» 
O 

• 

o 

o 

• 

o 

0\ 

o 
o 

• 

o 

t 

1 
i 

«N 

• 
o 

o 

• 

o 

Î 1 

i 

.  Ï 
s  i 

\ 

— 

— 

"~ 

— 

H  i 

1 

— 

lip 

• 

1 

K\ 

p^ 

•n 

»o 

m 

lO 

1^ 

>o 

r^* 

K> 

K\ 

K\ 

^ 

V 

1^ 

■    ^ 
1» 

> 

■ 

ir\ 

in 

- 

- 

- 

- 

- 

— 

— 

m 

ir 

m 

m 

m 

. 

ir> 

m 

m 

2 

5 
1 

• 
Ï     o 

-        CSI 

El  Ô 
:  « 

o 

*     * 

1  ° 

• 
o 

o 

• 

o 

IN 

• 
o 

in 

o 

« 

fN 

• 
o 

IN 

• 
o 

IN 

• 

o 

>o 

IN 

o 

o 

• 
o 

IN 

• 

o 

• 

o 
o 

m 

O 

t— — 
r> 
r\ 

C 
C 

o 
c 

a 

0 

c 

• 
O 

1» 

IN 

• 

o 

• 
o 

3     œ 
J      • 

1     ° 

o» 

«N 

• 

o 

CO 
CN 

• 

o 
o 

• 

o 
a 

o 

• 

o 
o 

IN 

c 
c 
C 

IT 

a 
c 

«N 

o 
o 

IN 

• 

o 

IN 

o 

• 

o 

>  œ 

>  o 

Ov 

• 
o 

eo 

• 
o 

IN 

o 

* 

o 

IN 

OS 

c 

• 

o 

• 

o 

IN 

• 
o 

so 

• 

IN 

• 

o 

• 

• 
O 

o 

• 

c 

IN 

• 

• 

o 

IN 

• 

• 

o 
c 

o 

• 

o 

1      Ô 

• 

IN 

o 

• 

o 

SI 
CD 

• 

o 
c 

• 
o 

>^ 
in 

i 

« 

H- 

s 

-U  -1  . 

2    2    5    S    e 

s 

= 

■D 


1-    t 

o    e 


s    o 
«    I. 

ir   >- 


»•      <         — 


W 


< 


o 

c 
& 

•I 

< 
> 
o 


c 

ID 


<  ;2 

u    -i 


o 


LU 

m 
< 


un 
O 


i-5 

• 

CM 

«M 

• 

• 

• 

• 
1^ 

• 
PO 

• 

o 

• 

PO 

o 

• 
PO 

O 

• 

lO 

• 

fN 

• 

• 

CM 

• 

• 

• 

• 

• 

• 

CM 

• 

a> 

te 

r*. 

fM 

• 

• 

fM 

• 

fM 

• 
S) 

fM 

• 
CD 

• 
r». 



fM 

• 

in 

• 

fM 

• 
0 

• 

r» 

fM 

• 

CD 

«o 

• 

fM 

• 
CD 

• 

p^ 

fM 

• 
CD 

rM 

• 

0 

«M 

• 
CD 

'V- 

O 

o 

m 

o 

• 

o 
o 

o 

o 

• 

o 

CD 

O 
• 

o 

>o 

o 

• 

o 

f^ 
o 

• 

o 

CD 

O 
• 

O 

CD 
O 

• 

O 
O 

O 
• 
O 

œ 

o 

• 

O 

a> 
O 

• 

o 

in 

O 

• 

O 

^0 

O 

• 

o 

O 
• 

O 

Zi 

i 

î 

S  ] 

î 

— 

— 

— 

à  a  m 

r 

PO 

PO 

PO 

rf 

î  " 

f^ 

1^ 

lo 

>^ 

lo 

K\ 

K\ 

r\ 

PO 

K^ 

PO 

Is- 

1 

■ 
> 

— 

m 

K> 

pn 

— 

— 

PO 

PO 

*n 

PO 

— 

— 

1 

1 

.   O 
-    CM 

:   » 

-^   o 

c 

i   ^. 

■   c 

• 

o 
o 

fM 

• 

o 

r- 

• 
O 

r* 
r- 

O 

fM 

• 
O 

• 

o 

C 

r- 
C 

fM 

• 

O 

■« 

fS 

• 

O 

— — 

IT 
S 

C 

a 
s 

c 

fM 

fM 

• 
O 

o 

« 

o 
<• 

E 
C 

r- 
a 

>   C 

O 
f> 

■ 
O 

c 
f> 

c 

a 
1   r- 

C 

>  r- 

>  c 

• 

o 

CD 

• 

o 

CD 

• 

o 
— — 

• 
O 

fM 

• 

O 

o 

fM 

• 

o 

• 

o 

o 
< 

c 

O 

fM 

• 
O 

• 
o 

PO 

• 
O 

• 
O 

CM 

• 

o 

fM 

• 

o 

P~ 

• 

O 

• 

o 

• 

o 

fM 

• 
O 

• 
o 



to 

r- 

• 

O 

fM 

• 
O 

fM 

• 

O 

a> 

o 

• 
O 

fM 

• 

O 

fM 

• 

O 
PO 

• 

• 

fM 
fM 

• 
O 

fM 

• 

O 

fM 

• 

O 

• 

fM 
fM 

• 
O 

r\ 

fM 

• 
O 

CD 

• 
O 

o 

• 

o 

i 

*• 

• 

tft 

•m 

- 

•> 

s    Z  — 

='  = 

m 

o 


■o 
c 


«Ml 


o 


>9 


CO 
9i 


>- 

< 


C 
O 

Ul 

a 
< 


ic 

o 

PS 

i"^ 

•^ 

•1 

• 

O 

• 

o 

• 

0^i      9 

•                    • 

• 

-" 

VC 

•^ 

<e> 

r* 

o 

r^ 

p» 

P» 

NO 

VO 

2 

^ 

^ 

r* 

r* 

CM 

•SI 

«M 

tM 

p» 

P" 

1 

p^ 
__ 

«M 

*> 

» 

»N 

CN 

rsi 

*N 

o 

p^ 

1 

• 

t 

• 

• 

• 

• 

• 

» 

* 

• 

• 

• 

• 

• 

. 

00 

c 

O 

"1 

e 

O 

m 

O 

O 

e 

CD 

o| 

«4 

O 

O 

O 

_ 

r- 

^ 

o 

o 

^ 

o 

<o 

» 

P^ 

^ 

a 

o 

^ 

K\ 

n 

r* 

m 

1.^ 

^ 

» 

m 

r\ 

r\ 

PM 

n 

r 

» 

-1- 

1 

o 

O 

O 

€M 

O 

O 

O 

O 

o 

O 

O 

c 

o 

o 

O 

o 

O 

o 

O 

o 

o 

o 

,  "î; 

o 

o 

o 

c 

o 

o 

o 

« 

- 

•• 

to 

«=J 

1 

r» 

^ 

<  ■ 

t 

• 
O 

• 

o 

- 

* 

r  Î 

t 

«.  : 

~~ 

~~" 

3  1 

t 

1 

é 

irf 

=  ' 

r 

S  si: 

ri 

5*1 

{| 

5 

î  - 

»o 

r\ 

PO 

»n 

K\ 

r\ 

K> 

K\ 

%rf 

J 

: 

1 

si 

F(2' 

B«W» 

'        1     ^ 

' 

^^ 

^^ 

^^ 

^"■ 

■^  "P"    r  ■  ^ 

— r— 1 

w  <«■ 

S    -^ 

lO 

K\ 

(^ 

^ 

K\ 

^ 

1^ 

»n 

K\ 

r\ 

1 

■ 

s    7i 

« 

<N 

« 

« 

o 

I^ 

m 

<c 

^ 

0 

1^ 

to 

1*^ 

m 

* 

. 

. 

• 

* 

• 

• 

• 

• 

• 

a 

. 

« 

• 

a 

O 

O 

o 

o 

o 
o 

o 

—  — 

o 

o 

o 

o 

O 

o 

O 

O 

lO 

fN* 

«0 

\o 

* 

rf 

»       O 

O 

O 

o 

* 

o 

* 

o 

O 

O 

o 

o 

O 

• 

• 
o 

C 

o 

o 

o 

^    m 

-  — 

^  — 

T- 

«-. 

— — 

■p— 

—  — 

i-—. 

'»  — 

'L'  — 

«— — 

— — 

»-  -^— j 

O 

r. 

" 

fN 

c 

CD 

iri 

» 

» 

0\ 

o\ 

ce 

C 

ir\ 

lf\ 

Ol 

S 

s    ° 

fs 

1     o 

s 

o 

r» 

1^ 

r- 

r» 

<o 

<o 

<o 

>c 

\o 

p^ 

r> 

-i— . 

_ 

_ 

a 

o 

o 

O 

O 

O 

o 

o 

o 

c 

o 

o 

O 

^^-  — 

.~  — 

-P-  — 

_  — 

.^_ 

._— 

1       1    — ^ 

o 

r 

o 

o 

fo 

CTi 

fM 

Ov 

r» 

o 

irt 

tf> 

a 

VC 

PNl 

|.^ 

F- 

oc 

r- 

p* 

P* 

r* 

p» 

p*. 

vO 

<o 

>c 

Vu 

r* 

r» 

"1  - 

- 

- 

c 

O 

O 

O 

O 

O 

o 

o 

o 

c 

O 

O 

O 

i 

<• 

nH  = 

s 

- 

1 . 
1  - 

^ 

1      ^ 

•^           PNl 

1 1  ^ 

iî 

' 

- 

•a 


« 


■o 
e 
o 

s 

a: 


».     <         — 


a* 


K 
0. 
< 


lU 


O 

S 
GL 

•I 
< 

o 

kU 

s 

UJ 


D 
O 

< 


CN 


X    W             ». 

5»_       r>    1^ 

Î      -    ' 

CD      <D 

oe     ^.    z  '^.    '^.    1    -:    '    "'    2  2 

a,      ta     m       «.œr-r-cocDœœcD» 

iri   o 

■  1  -        Ô    o 

ooo       oooooooo 

••••        ••••***,; 

ooo       oooooooo 

o    o 

goooo            °.      °.      l      ^     l 
_     o     oo      o     o            o  _£._£_£_£ 

t  g 

c  I 

J_            1         _[J 

î  i 

l«î 

s 

1  ï  "  ' 

• 

K^K^.»K^r^                        K^K^K^K»K^ 

a       <^ 

ô      oôô      ôôôôôôôooo 

te     •        — 
^                       te     '        N 

l5        TE   ô 

j      is  '^ 

o                       _ 

^                          la) 

C                                      K 

O                                     - 

S    ^  z^    ::  s:  ;:  ^  :;  5  S  ;^  :^  ^ 

ô       ôôê       ôôôôôooooo 

o    o-«    --~-':-:':-:t~ 

p^          CM—      N          pg—       CNIO'»''^        —        —        —      — 

-:    -':-    -^-o«^«ç-':--': 

o                  ^ 

7       1    " 

^-,w-.--.-«.o-'-22S 

e 

L. 

« 


—  u. 

o  I 

*■  -D 

O  s> 


I 


^        ^        w^        ^  ^^ 


e 


0) 

•a 


ce 


et 
a. 
< 


e 

O 
u 


«N 


CD 
< 


ic 

o 

• 

o 
• 

es* 

• 

* 

l>4 

* 

»      o 

•            • 

• 

. 
>• 

• 

• 

* 
in 

. 

« 

1 

• 

^ 

0 

• 

• 

• 

• 

. 

\Z 

f- 

f^ 

r^ 

p^ 

r* 

^ 

f^ 

— *■ 

-- =-r 

■>— 

-— r 

.— L 

1 

— r 

-— *■ 

1      1 

1 

""• 

s 

o 

. 

• 

• 

• 

• 

. 

• 

• 

• 

• 

• 

• 

. 

o 

s 

e 

e 

e 

eo 

o 

e 

o 

o 

a> 

OD 

OD 

m 

Hl^    H 

I        i 

1 

1 

B                      • 

a» 

o 

<N 

<c 

^"    ■* 

QB 

^ 

o 

«N 

M^     «1 

o 

o 

o 

o 

o 

c 

. 

• 

• 

. 

o 

o 

o 

o 

o 

o 



— 







._i__L 



— 

m 

<o 

K\ 

o 

''f 

o 

o 

o 

<M 

o 

o 

• 

o 

• 

o 

• 

T 

o 

o 

o 

o 

o 

^  1 

■*• 

— 

^  ^ 

^r 

I 

I 

L 

«»  '^ 

« 

i  J 

c 

^  ^ 

- 

4 

c  ] 

\ 

i*|i 

r 

— 

— 



— 

— 





— 

— 

9 

^  : 

••• 

fO 

K^ 

r\ 

r\ 

^ 

1    ' 

I  ' 

'*' 

' 

w 

1 

J_ 

^ 

^ 

^ 

^ 

^ 

^ 

» 

5s 

iSS" 

^ 

^^p 

^^ 

^^ 

— 

^^ 

_.^ 

^^ 

^^ 

^.^ 

_« 

.. 

_« 

__ 

__ 

5    " 

m 

fo 

1^ 

r^ 

1         IT 

K^ 

K\ 

>^ 

o\ 

Oi 

r\ 

» 

p\ 

m 

a 

. 

■1     c 

I     rvi 

O 

>o 

^ 

* 

S    I^' 

<N 

1^ 

1^ 

CM 

<M 

*s 

•i 

C" 

i       r« 

1      <N 

^ 

M 

• 

• 

. 

• 

• 

J         . 

• 

• 

Ï     o 

a 

o 

o 

o 

o 

O 

c 

C 

>        C 

1            ^ 

o 

o 

o 

o 

^ 

1 

a 

t         «N 

I" 

^, 

r<4 

m 

pn 

fN 

a 

>      c 

>        - 

r»* 

o 

in 

in 

o 

"^ 

r- 

1        K\ 

m 

CN 

CSl 

On 

— 

B        r> 

4         r 

«        «N 

«N 

— 

^ 

. 

• 

' 

. 

..  f 

>     o 

C 

>     o 

O 

o 

o 

c 

c 

>        C 

S        C 

;    o 

c 

c 

o 

o 

n 

1 

■  "• 

*  ■— — 

.  __ 

■■*" 

■  ■"* 

i    ~ 

■  ^" 

— \ — 1 

-•         O 

.       ^ 

K> 

«> 

•- 

r 

4           C 

i  ' 

:    «N 

c 

>      c^ 

OD 

fSI 

S 

X     J 

■           • 

• 

. 

■ 

» 

«      • 

« 

•     c 

• 



■  — 

0— 



— 



T — 

M_- 

-p- 

— - 

4-- 

— - 



-^- 

— 

Î     - 

1          K 

>         fN 

<n 

^       C 

o 

>      a 

>        CO 

K' 

- 

•          - 

-         - 

- 

« 

3 

•" 

c 

>      c 

>     o 

^ 

1 

1 

1 

s 

i« 

'1    = 

V- 

m 

:   s 

:    : 

:   2|  =   z   S   2   : 

:    S]   t 

:   s 

i    s 

•o 

u. 
o 


O      O 


«Ml 


et 


Sï^ 


ï=i 


eo 


UJ 


O 

S 

& 

< 

o 

s 

UJ 

S 

LU 


t. 


D  • 

h-  ai 

-Il  'o 

fS  h- 


O 

O 

O 
o 


o 


o 


o 


0\ 

o 


o 

CO 


o 


o 
o 


o 
o 


0\ 

to 


§s- 


o    o 


s  Si 


o 
o 


o 

o 


o 


o 
o 


o 
o 


o      o 


r^     ^-        o       ^ 
^     c>      o\      0\ 


XI 


0  o 

1  « 

X  » 

C  V. 


ffi 
< 


o 


o 


0\ 


e 
o 
u 


e«< 


< 


i<  2 

• 

in 

• 

• 

1^ 

• 

o        oi     —         o 

^            >C         lO             P* 

r* 

VO 

. 

Ov 

. 
p* 

o 

i 

1^ 
1^ 

• 

• 

m 
• 

1    T 

» 

1^ 

•» 

• 

in 

. 

• 

. 

■ 

1   I 

«    p» 

^ 

r~ 

r». 

r- 

f» 

r» 

^ 

p* 

p«" 

f*. 

1 

• 

!    o 

O 

o 

Ot 

ff> 

» 

Ov 

Oi 

Ov 

Ov 

O 

O 

O 

IN 

» 

K\ 

■ 

r» 

eo 

~l 

r>» 

p^ 

r» 

r» 

r* 

^ 

r^ 

œ 

o 

o 

s 

o 

s 

^ 

ils 

VO 

^ 

O 

<o 

» 

\o 

o 

ffi 

VO 

. 

m 

o 

VO 

s 

fM 

Ol 

CD 

«M 

» 

C 

Ov 

Ov 

<N 

» 

O 

lA  ^.  i 

»      O 

»        • 

^ 

^ 

^ 

O 

^ 

^ 

^ 

O 

O 

^ 

^ 

^ 

^ 

^ 

SK 

O 

• 
O 

• 
O 

• 
O 

O 

O 

C 

• 

o 

o 

• 

o 

O 

o 

• 

o 

• 

o 

^ 

■^^M    ^^^ 

«^ 

^^B 

^^B 

^^*f 

^^H 

^^B 

^^m 

— 

m^^m 

^^M 

^^m^mm^m^ 

«  • 

—  «^ 

C^i 

■ 

■ 

T 

t 

; 

i  î 

I 

: 

Z] 

[ 

_ 

ri 

•>• 

r 

— 

E 

m 

,^ 

) 

9 

1 

1  " 

r\ 

r\ 

r\ 

^ 

^ 

f^ 

m 

m 

m 

m 

r\ 

lO 

V       m 

•m 

w 

. 

w 

■       V        ^ 

t« 

5  ^^ 

^ 

5  s 

i 

S=i 

'  '          ""^ 

^^ 

^^ 

-»  "~     ;    "^ 

w  «■ 

J       fO       »^ 

»n 

K\ 

1^ 

K\ 

r\ 

lO 

lo 

r^ 

1^ 

1^ 

B 

•1  - 

^ 

e 

e 

^ 

IN 

VO 

ei    VO 

^ 

o 

O 

O 

Ov 

f* 

IN 

=    ~ 

«M 

IM 

•M 

ry 

ÏW 

IN 

fs 

IN 

IN 

IN 

n 

K\ 

K\ 

^ 

» 

O 

O 

O 

o 

O 

O 

c 

O 

o 

O 

O 

O 

O 

O 

O 

-i.- 

r— 

-— 

— 

__ 

—  m. 

— 

1 

_— 

— 

— 

— _ 

__ 

_. 

__ 

s 

t    ~ 

^ 

^, 

«M 

m 

r» 

w 

VO 

K> 

ov 

CTl 

o 

o 

m- 

CO 

^ 

ri  ~ 

es* 

f** 

N 

fM 

IN 

IN 

o 

IN 

IN 

IN 

IN 

m 

^ 

•» 

r-\ 

^v 

• 

. 

. 

I 

• 

1 

. 

. 

• 

• 

• 

• 

. 

. 

»L 

"     o 

o 

o 

O 

O 

O 

O 

C 

o 

O 

O 

O 

O 

© 

O 

O 

-  r-i 

o 

c 

CTl 

""ô 

^o 

0 

p~ 

~œ 

r* 

e 

.     o 

o 

o 

o 

o 

r«|    o 

M 

•        C>4 

IN 

«• 

^ 

mm 

«■ 

o 

O 

W 

^ 

o 

r 

o 

o 

OD 

S 

5        ^ 

• 

. 

. 

• 

J 

J 

c 

• 
— 

• 
O 

. 

. 

c. 

o 

O 

• 

o 

O       O       ol     O 

^ 

C 

c 

v£t     tn 

^ 

IN 

|»^ 

VO 

OD 

f^       V 

«          _          CM           o          - 

o\ 

O 

c 

>       <J 

Ov 

OC 

Ov 

<^ 

CD 

Ol 

O^         00 

■     J     —     —     — 

o 

- 

- 

C 

O 

c 

o 

1 

o 

O 

O 

o      o 

„ 

1 

1                1 

2 

•      • 

h 

-     -     -     w      -1     -1    -•      35 

=1 

o 


«    e 

B      1. 


•^1 


» 
en 


£1^ 


C^ 


CD 


œ 

o 


u 

o 


iz 


UJ 


o 

S 
CL 


U- 


< 

5        «3 


LU 


te 
o 


■ —  «w 

^  3 

D  . 

U  -; 

K  o: 

<  *j 

a.  c 

->  ° 

_'  o 


o     o 


o 

o 


O 


o 

O 
O 


o 


o      o 


O 


o 


o 


O 


o 
œ 


œ 
o 


CD 

o 


L. 

e 


c  I 

•»-  -c 

0  o 

1  c 

X  a 

e  u 

q:  >- 


UJ       I 

CD     un 

<  £ 


«te 

e 

01 

Ot 

■a 


et 
ui 

o 
o 

u 

o 


c 
o 
u 


LU 

— i 

< 


i  z 

CD 

o> 

o 

o 

f^ 

m 

^■ 

IN 

o 

m 

^ 

r~ 

m 

in 

m 

s°— 

m 

^ 

^ 

^ 

^^ 

^ 

r\ 

CM 

»n 

»^ 

•n 

r\ 

»o 

1^ 

J 

» 

«r 

» 

m 

» 

^ 

» 

>r 

» 

r^ 

m 

m 

^ 

b 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

r* 

f* 

p* 

r«" 

^ 

r. 

r>» 

p» 

r« 

^ 

r^ 

^ 

1 

2 

tr\ 

^ 

m 

fN 

r> 

rx 

M 

«N 

tN 

rg 

CN 

IS* 

■ 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

o 

eo 

e 

« 

s 

» 

•B 

CO 

CO 

o 

S 

CO 

S 

S 

CD 

"^ 

. 

l>4 

<«^ 

ir\ 

m 

o 

o 

^ 

VO 

in 

m 

o 

r* 

o 

o 

o 

V 

wi^ 

«* 

Ov 

e 

» 

z. 

fM 

o> 

^ 

IT» 

«N 

— 

«N 

p^ 

^ 

in 

o 

O 

ST 

w 

O 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

O 

o 

O 

o 

o 

«  tn 

~" 

^ 

■ 

' 

■  ■      H 

f^ 

a 

m 

« 

* 

^ 

m 

S 

:S 

— 

I 

— 



— 

— 



- 

•«i 

V 

■ 

J 

~~ 

^  ^Ml 

^^" 

- 

2 

^  " 

" 

—   — 

^  — 



H._H_ 

" 

^^ 

bw^ 

t^^— 

^^■^^^^ 

»i 

^  I  ■ 

5 

^ 

5j 

- 

s 

I 

«^ 

^. 

^ 

«• 

^ 

^ 

^ 

«■ 

^ 

•— i 

^ 

^ 

^ 

§? 

w 

ss-1 — 

■~^ 

— ^ 

^  — 

^^ 

•— — 

^^ 

^^ 

»      ■       ^      ■—     ^- 

■^•^ 

: 1 

w^-< 

• 

in 

K> 

K> 

m 

^ 

m 

r^ 

r> 

Wi 

«o 

V 

^ 

■:|  - 

__ 

m 

e 

« 

eo 

o 

« 

tn 

^ 

d 

*N 

^ 

in 

r^ 

r* 

a  ~ 

fO 

r<4 

<^ 

CN 

Oi 

in 

CN4 

r4 

CN 

rs 

04 

rg 

<N 

fM 

rsi 

• 

• 

m 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

t     o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

a 

Ï  * 

00 

OS 

r* 

irt 

in 

m 

^ 

m 

o 

a 

_ 

K> 

\o 

r* 

fx 

^    ^'    fN 

r^ 

rg 

<N 

CNI 

r^ 

IN 

IN 

IN 

r<j 

^ 

r>i 

IN 

IN 

rsi 

IN 

^  ^*!      • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

^ 

te      o 

O 

O 

o 

o 

O 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

^ 

— L_ 

_^ 

^^^ 

__ 

l:I   « 

W> 

r\ 

m 

ir> 

r» 

m 

_ 

IN 

as 

^ 

rsé 

m 

^ 

fn 

o 

i 

k7> 

r» 

r* 

r* 

a 

0\ 

^ 

o 

o 

c^ 

c 

»n 

o 

^ 

o« 

m 

• 

• 

• 

• 

m 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

IN 

•" 

o 

o 

^' 

^ 

^ 

o 

o 

i     ^ 

f^ 

o 

r* 

m 

^ 

O 

ch 

lO 

VC 

c» 

O 

^o 

s> 

«o 

c 

o 

f*. 

p» 

Oi 

^ 

<^ 

r* 

f*" 

IS 

c 

^ 

o\ 

(^ 

s» 

CD 

1^ 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

" 

• 

• 

* 

• 

• 

o 

o 

o 

o 

o 

^ 

^ 

o 

o 

o 

"■ 

^ 

o 

o 

o 

o 

. 

~ 

2 

<• 

— 

• 

•> 

~ 

2 

M> 

Ai 

•• 

Ms 

itt      •• 

"^ 

R 

e 
I. 
« 


o    o 


s    o 

Œ    •- 


TABLE  3 

WATER  PLANT  OPTIMIZATION  STUDY 
'DISINFECTION  SUfWARY" 


06/04/87  (REV.  1) 


o 

0. 


CO 


E 

*- 

>- 

cr 

< 

^ 

2» 

=5 

\n 

z 

o 

^■a 

>- 

4-> 
C 

O 

IC 

UJ 

a. 

Li. 

Z 

MM 

<D 

CO 

^ 

o 

Q 

. 

-J 

« 

a. 

O 

o 

c 

ro 

o 

o 

Ul 

1— 

_J 

I 

m 

UO 

< 

o 

1— 

2 

o 

• 

^» 

w 

r^ 

c 
o 

> 

CM 

r». 

CM 

f». 

CM 

r^ 

•*» 

< 

< 

• 
O 

• 
O 

• 

o 

• 

o 

• 

O 

d 

c 

ai 

10 

1/) 

g 

• 

c 

00 

0 

eo 

o 

O 

■o 

< 

i 

d 

• 

O 

CM 

• 

o 

1^ 

• 

o 

CM 

• 
O 

«s- 

• 

o 

u 

o. 

O) 

c 
o 

S 

• 

LU 

H- 
U. 

X 

• 

o 
o 

• 

CM 

• 

o 

CM 

• 

o 
o 

• 

3 
vt 

c 
o 

u 

1 

^ 

o 

"* 

o 

^ 

O 

a4 

■é-> 

o 

S 

• 

CI 

o 

CM     SB 

0\ 

CM  ^ 

O 

o^  Ln 

la 

Q. 

> 

rv. 

ve 

o    -< 

a> 

tr> 

o  -1 

O) 

VO 

0\  -» 

>s 

^ 

< 

d 

• 
o 

•          • 

• 

o 

• 
O 

•      • 

«-<    M^ 

• 

o 

d 

•         • 

o 

f 

f 

't-) 

"  * 

^   4»   ^ 

^  * 

*  ^ 

■_  ^  ^  ^ 

^  ^  ^  ^ 

" 

"  "  ~ 

C 

i 

• 

c 

«o  o 

00 

IT)  o 

o 

o  o 

o 

_j 

«o    lO 

r^  m 

CM 

ID  ID 

>, 

«_> 

2 

o 

•          • 

o  o 

• 

o 

•      • 

o  o 

• 

O 

•      • 
OO 

#0 

01 

UJ 

c 

lO 

t. 

UJ 

• 

X 

o 

o  o 

o 

o  o 

o 

00  o 

■o 

OJ 

> 

O 

r^ 

o 

— <   V 

o 

rn 

-N   Ul 

00 

CM 

o  kfl 

o 

« 

L^ 

2 

• 

• 

•          • 

• 

• 

•       • 

• 

• 

•     • 

< 

^H      ^^ 

<^ 

^N 

^  p^ 

^N 

^^ 

w^  ^N 

^i 

CM 

2 

. 

^-^ 

'~' 

""' 

o 

O 

OO 

e^ 

^ 

O 

»■■ 

> 

rn 

«• 

tn 

lA 

\o 

VO 

^^ 

0f 

• 

• 

m 

• 

• 

• 

< 

"^ 

«N 

^ 

»4 

^s 

^N 

Z 

"  "JZ 

ôo' 

m 

tb-  ■ 

q: 

C 

^^ 

O 

• 

v^ 

d 

o 

o 

■tm^ 

o 

VO 

o 

«e 

r». 

X 

2 

V 

d 

VO 

• 
o 

-; 

• 
O 

(-> 

_  . 



o_  _ 

_ 

. ..d. - 

_ 

---.-. 

d 
-  -  -  ^-  - 

«n 

■V. 

o 

^ 

*      ^    ^ 

1/1 

o 

• 

X 

o 

2 

^ 

o 

• 

vn 

• 

CM 

•«s. 

te» 

• 

VO 

a. 

O 

CM 

o 

CM 

CM 

^ 

_; 

— < 

z 

• 

> 

LD 

«• 

r^ 

o 

»i 

CM 

^ 

V 

^N 

CM 

• 

• 

• 

• 

• 

• 

H- 

* 

O 

O 

"M 

O 

"H 

O 

< 

" 

*  ^  "  ~ 

MM 

• 
C 

^N 

CM 

r>» 

S 

00 

mN 

eo 

CD 

O 

O 

^ 

• 

• 

• 

• 

_J 

2 

o 

o 

O 

o 

d 

d 

O 

1 

UJ 

• 

X 

o 

œ 

o 

o 

tn 

r». 

lA 

«4 

U) 

00 

a. 

• 

• 

• 

• 

• 

Q. 

2 

^■^ 

O 

«4 

"* 

— 

o 

jr^      .*i» 

^^ 

.Mfc       ^-^ 

^1^ 

.Mk        <*» 

^^ 

©  1 

• 

%i 

+- 

©    ^ 
©     fc 

• 

U    O 

o 

i-  o 

o 

U   O 

o 

_i 

b.   (_) 

h-          — 

u.  u 

^        — 

u.  (_) 

^^         — 

< 

_     ^, 

w         O 

^       IV 

w        o 

.,_.  ^ 

^       o 

V 

^ 

œ 

© 

o    D 

"O  ©  œ 

e 

©    D 

•o  ©  © 

œ 

©   3 

C 

^ 

o> 

0>-0  "D 

•O    0>-D 

c  o>  0» 

Oi-O  "D 

•D    0>-D 

c  o>  c» 

Oi-D  "D 

"D   0>"D 

*a« 

ç 

O 

o 

O 

—    O  — 

o  o  o 

Q 

—    O  — 

o  o  o 

D 

^  ^ 

—   O  — 

3 

^ 

10 

m 

«3    «5    « 

(/)    (0    (0 

E   u>  10 

ID  m  in 

m  «3  w 

E    «3    w 

10 

(0    <0 

(0    10    (0 

LU 

o 

o 

o 

O    O    « 

o  o  o 

o   o   O 

o  ©  s 

s  o  o 

©  o  o 

o 

©  © 

©  o  © 

X 

o 

o 

o 

O  cr  S 

a:  o  o: 

o  o  o 

o  a:  cr 

cr  o  a: 

Q  o  o 

Q 

cr  cr 

Œ  o  c: 

u 

e<g 

M 

f>j 

m    «M    (VJ    est 

C«J    (M    (M 

tn   rw  ra  r« 

(V<     CM     CM 

m 

P»    <v. 

(M 

^ 

^ 

o 

X  ^  ^ 

« 

o 

X 

^ 

O 

X 

•^  ^ 

'*• 

O 

o 

W1 

Z  U  U 

u  u.  u. 

u  o  LO 

Z  U  U 

o   Lk.    u. 

OUI/) 

Z 

u  U 

u  u.  u. 

= 

Z 

m 

ir 

z 

< 

LJ 

< 

i 

-3 

u. 

2 

(SI 

e 

o 
a. 


a 
ai 


E 


c 
o 
o 


CD 

< 


z 

• 

en 

^^ 

^^ 

> 

CNi 

p» 

CN<                    P«. 

cva 

r»* 

< 

< 

• 

O 

• 
O 

•                            • 

o           o 

• 
O 

• 

o 

• 

<^ 

c 

esi 

•v 

o 

•< 

i 

(M 

• 

O 

• 
e 

•                         • 

O             o 

d 

• 

O 

• 

LU 

X 

Ok 

«o 

00 

^» 

o 

OJ 

00 

CM                    00 

<M 

00 

u. 

3 

• 

• 

•                            • 

• 

• 

•< 

o 

o            o 

O 

o 

1 

• 

m 

Sï^ 

^                   ^  CM 

«i« 

tn  m 

> 
< 

•         • 
—        O 

o  -< 

•        • 

o 
d 

\r>              o  «Ni 

•                                  •         • 

•                • 

«      o 

•     • 
O  — 

3g 

«B 

* 

^  "  " 

"  "  " 

V  «  « 

"  "  ~ 

s 

• 

C 

i 

« 

^o  o 

*                  00  O 

^ 

eo  O 

d 

0\  CNi 

•       ■ 

o  o 

•              •    • 
o           o  — 

en 

• 
o 

00    «VJ 

•     • 
O  o 

a: 

• 

X 

o 

so  O 

o           «  o 

o 

-"  o 

lÉhl 

o 

p»*      •-* 

—  m 

Ul 

un       S 

o  rt 

Ufe 

s 

«SJ          -M 

-'- 

- 

•                           •       • 

•                  • 

-"        o 

m         • 

z 

O 

ô 

m 

m 

^" 

> 

V 

V 

r^             ^ 

< 

< 

« 

M 

• 

•                • 

Z 

-of 

"ôo 

~o" 

s 
o 

c 
i 

d 

• 
o 

S     ^ 

G 

^  _ 

«•  ^  ^ 

-q.  -  -  .  _  _ 

w    *    * 

^  _ 



_-i 

t/1 

• 
X 

o 

2 

•           o 

o 

o 
tvj            in  - 

o 

^^                          • 

^^ 

* 

<^              . 

i 

a. 

o              «^ 

O 

«NJ 

O                CM 

1 

— 

. 

o 

• 

> 

o 

o 

• 

• 

O                  CM 

•                     • 

^ 

< 

'■>               o 

•^ 

o 

—          o 

•< 

"  *  ** 

"  "  * 

Œ 

• 

C 

eo 

00 

O 

OD 

O 

2 

d            o 

d 

• 

o 

•                  « 
O              O 

Z 

u 

1 
LU 

• 

X 

eo 

in                  00 

lA 

00 
00 

g 

a. 

•                              • 

-•                 O 

• 

• 

o 

-«          o 

^«   «^ 

.Ml. 

.««   <1M   «*t 

1 

«  n 

• 

S^-: 

.—.   -^ 

«   E 

•^ 

9  n 

• 

u  o 

o 

u  o  o 

9    E 

_j 

Li.  u 

^         — 

u.  u  ►—        — 

u  o 

0         — 

< 

^  ^ 

—         O 

o 

u.  u 

1-        o 

•o 

9    o    9 

Œ    3 

■o 

O  o 

o                        9    D 

■o 

®    ®    ®   ^   ..^ 

w    o    3 

o>  O  OO  •O 

■O   O-D 

o  o> 

ons  -O  -O  o^a 

c 

0>  o  c  "D  -D 

•o    C>  •D 

^^ 

o 

O    O    O 

—    O  — 

n 

o  o 

o o  - 

o 

0    0   o 

—   O  — 

2 

^ 

M    U)    (0    (0    (0 

(0    (0    (0 

g 

10    10 

(0    (0    <0    (0    (0    (0 

E 

(0    (0    t/j    (0    U5 

to    U5    10 

LU 

o 

O  a  O  O  S 

o    o    Œ 

O 

o  o 

o    9    o    o    o    9 

o 

O  O  O  e  J3 

O    0    O 

o 

o  a  o  cr  cr 

cr  O  (T 

o 

o  o 

O  Z  ir  ir  O  ir 

o 

o  a  a  ir  o: 

(T  o  ir 

O 

<v 

(M     fM     "^     Oi     <V 

<\< 

<N 

r«    eu 

«n    pa   PU    CM 

p>l 

(M    px    m    r^    o< 

(M 

•^ 

^  O  —  ^  ^ 

■^ 

^ 

—  O 

X 

.^ 

—  O   X  ■^  -^ 

^                              i 

U 

u  i/)  z  u  CJ 

u  u.  u. 

u 

u  on 

Z  U  U  U  U.  u. 

u 

U  un  2  U  U 

U    Lé.    U.          i 

~ 

ir 

> 

2 

Z 

Q. 

< 

3 

-3 

! 

i 

< 

2 

i 

e 

9 

O 

a. 


00 


E 


C 
o 
o 


o 


< 


o 

• 

CVi 

n 

» 

> 

ej 

r». 

CM 

p». 

1 

(M 

ve 

^ 

< 

• 

o 

• 
o 

d 

• 
o 

• 

o 

• 
o 

• 

^3 

c 

m 

« 

o 

^c 

CM 

esj 

CM 

ro 

CM 

m 

s: 

3 

• 

o 

• 

O 

• 

e 

• 

• 

o 

• 
o 

• 

UJ 

X 

o 

00 

o 

H- 

o 

(M 

o 

CM 

o> 

cvj 

CSJ 

U. 

2 

• 

o 

• 

• 
O 

• 

o 

• 

o 

• 

§ 

• 

> 

rn 

oi  eo 

m  «• 

o 

Ov  P». 

o 

1/) 

O»  -N 

00 

0\    -N 

p«» 

VO 

Ol  -< 

• 

• 

•        • 

• 

•    • 

• 

•            • 

^ 

< 

^4 

O 

o  -« 

•M 

O   -N 

o 

o 

O  -" 

^    ■ 

^    ^    ^     ^ 

^  " 

^  ^  ^  ^ 

^  ^  "* 

^  ^  ^ 

^  ^  ^  ^ 

K 

^ 

c 

o 

fno 

m  o 

00 

CM  O 

^ 

•4 

o\  o\ 

o%  «n 

rn 

o>  o 

:c 

i 

• 

•        • 

• 

•        • 

UJ 

o 

o  o 

o  o 

o 

o  -< 

_  _ 

—  —  _  _ 

_  _ 

_____ 

_  _  _ 

_  _  _ 

_  _  _  _ 

a: 

• 

V 

ri  o 

0^  O 

in 

rn  o 

o 

2 

GO 

d 

O  «^î 

«>4 

0^  in 

d  -- 

00 

• 

OS 

* 
o 

O  1-1 

Z 

O 

Ô 

«• 

^ 

«■ 

> 
< 

un 

ir> 

m 

m 

CM 

CM 

^ 
< 

^< 

• 

• 

• 

^H 

• 
*>4 

z 

"  "  "  ^T  " 

~  "■  ~  po~  ~ 

tr  ~ 

a: 

• 

c 

2 

• 

O 

• 

o 

• 

Ln 

o 
—1 
z 

d 

>4 

00 

• 
o 

- 

o 

IT) 

• 

o 

u 

1 

---•s-- 



-. 





"cT  " 



^" 

• 

X 

2 

• 

o 

• 

oo 

CM 

m 

CM 

o 

CM 

VO 

o 

^^ 

• 

•«» 

• 

^»» 

• 

Q. 

2 

o 

fNJ 

o 

• 

(M 

o 

• 

CM 

Z 

• 

> 

in 

r». 

CSI 

O 

C\J 

• 

CVJ 

• 

CM 

• 

CM 

• 

• 

CM 

• 

^ 

< 

-" 

O 

W4 

o 

^N 

o 

< 

z 

"   " 

"  "  "  " 

*  "  *  * 

*  * 

'  ^  "  "  " 

*  "  " 

"■   "   " 

—      —      WW 

«M 

• 

IS> 

a: 

c 

CO 

CO 

o 

GO 

o 

^» 

• 

• 

• 

• 

_j 

2 

o 

o 

o 

o 

o 

O 

u 

1 

• 

» 

v^ 

r* 

UJ 

X 

LTl 

r^ 

m 

00 

lA 

00 

q: 

i 

- 

• 
O 

■ 

• 

o 

• 

• 

o 

^^  -^ 

■^^^ 

«-«   ^i» 

«i» 

«^   ««. 

^», 

o  E 

• 

O  O 
o  E 

• 

e  4 
©  E 

• 

u  S 

o 

u  o 

O 

"* 

I.   o 

o 

1 

u.  u 

H- 

^ 

u.  o 

^-        — 

u.  u 

>-        — 

< 

^^ 

o 

w                O 

^       o 

■o  ©  © 

© 

©   D 

"D    ©    © 

© 

©   3 

•o 

O    © 

©  "  " 

©  a 

(-) 

C   0>  O' 

Oi-O  "D 

"D 

O-D 

c  o>  O 

O-D  -O 

•o  o>x> 

C 

o  o> 

O-D  -D 

•D  oi-o 

^^ 

2  o  0 

o 

O  — 

goo 

o 

—   0  — 

0  o 

o 

—  o  — 

3 

E  (0   (0 

<0    10    (0 

(0 

u)  (0 

E   «   « 

(0    (0    10 

10    (0    (0 

E 

10    10 

(0    (0    (0 

(0    (0    (0 

UJ 

COO 

o  ©  o 

e 

o  o 

©  o  o 

o  e  © 

©  o  o 

© 

o  o 

o   ©    © 

CO© 

X 

a  o  o 

o  a:  cr 

a: 

o  cr 

o  o  o 

o  cs  a: 

a:  o  a: 

o 

o  o  o  c:  q: 

cr  o  c: 

o 

r«   (Si   IS 

n    «g    M    «sj 

«g    <M    (M 

«    «S    «V    (M 

CNJ 

CM     (\J 

m    CM   pg    «V                  1 

O 

I 

^ 

o 

I 

*- 

^ 

—  O 

X  ^  — 

^ 

u  cj  1/1 

r  o  u 

o 

U.    Lk. 

U   U  I/O 

z  u  u 

u  u.  u. 

«_) 

O   V/) 

z  u  u 

O  u.  u. 

z 

_J 

o 

0. 

2 

ZD 

n 

UJ 

^5 

-3 

< 

00 

2 

« 

O 

a. 


vo 
CO 
9i 


£ 


C 

o 
o 


o 

LLt 

— i 

CD 

< 


o 

6 

—  • 

» 

i 

to 

> 

CM 

^ 

CM 

f^ 

CM 

r>» 

•< 
z 

< 

• 

o 

• 

o 

• 

O 

• 

o 

• 

o 

d 

• 

o 

c 

»•■ 

V 

^. 

i 

2 

CM 

• 

• 

CM 

• 

• 

CM 

• 

r»> 

a: 

o 

o 

O 

O 

o 

d 

• 

UJ 

X 

o 

o 

o 

►— 

CM 

«4 

CM 

CM 

esj 

n 

1^ 

• 

• 

• 

<< 

o 

«-« 

O 

•" 

d 

— 

g 

• 

eo 

09  9t 

^ 

o  o 

CM  CM 

> 

^ 

ifi 

W  -N 

o> 

o 

O  CM 

^m 

O  CM 

^ 

< 

• 

O 

• 

o 

•            • 

• 

o 

• 

o 

•     • 

• 

^N  m^ 

S 

« 

^ 

c 

eo 

irt  O 

^ 

m  o 

cn  o 

^^ 

CM 

W  r^ 

o 

»  O 

»  o 

<-> 

2 

• 

o 

d  d 

• 

o 

d  — 

•        • 

o  — 

a: 

• 

X 

m 

CM  O 

.    o 

f«»0 

—  o 

o 

^ 

9i 

O  V 

o\ 

V 

O  fn 

vo 

—  «■ 

1^ 

2 

• 

• 

•        • 

• 

• 

•     • 

•        • 

<< 

-N 

o 

^^  ^N 

CM 

^^ 

"*  •-« 

"^ 

-N    -N 

z 

o 

9 

M4 

m 

o% 

^» 

> 

m 

«• 

«0 

vo 

lf> 

r^ 

^^ 

< 

• 

• 

• 

• 

• 

• 

< 

^ 

V^ 

^^ 

«^ 

v^ 

-^ 

*    " 

"*  *  " 

■&** 

*"    ~    "    ~ 

^  ~  "  ~ 

~  ~  ~ 

T/r  ~ 

"  ~  "  " 

i 

C 

O 

o 

• 

vr> 

d 

O 

=    3 

o 

• 

O 

-^ 

d 

-*. 

• 

1 

^    " 

^  ^  ^ 

— _  _ 

^    ^    ^    ^ 

o_ 

^^^   ^ 

^  ^    ^  ^ 

^   "*  ** 

^^  ^ 

^  ^  ^  ^ 

O 

• 

X 

i 

(M 

• 

• 

CM 

o 

CM 

CM 

o 

- 

o. 

o 

(NJ 

' 

f-î 

"^ 

CM 

1 

-a 

— • 

1 

i? 

0^ 

<^ 

m 

o 

CM 

o 

CM 

^ 

IT) 

• 

• 

• 

• 

^  < 

^^ 

O 

"" 

o 

•X 

o 

■< 

**  "  " 

"  ~  " 

»    ^    «     « 

~  "*  ~  ^ 

*  "  ~ 

"  "  " 

"  "  *  " 

Œ 

• 

C 

GO 

CO 

o 

VA 

o 

^" 

• 

• 

• 

_J 

2 

o 

O 

d 

o 

o 

Z 

1 
UJ 

• 

X 

o 

un 

• 

• 

• 

o 
o 

• 

• 

o 

•-4 

Q.    2 

~* 

^ 

^^ 

-^ 

-" 

^*  -i^ 

^ 

_.  ,. 

.A 

-«  ^ 

^ 

Si 

«  E 

• 

IS  £ 
IB    £ 

^ 

u  o 

o 

u  o 

O 

I.    O 

o 

_j 

U.   U 

h-         — 

u.  u 

►—         — 

U.  U 

^           ^ 

< 

•      o 

—       o 

-,        o 

•o 

o  o 

« 

«    3 

■O    (D    O 

o  "  " 

©   3 

"D 

o  o 

« 

IS    3 

Oi  o> 

O-O  ■D 

"D    OTS 

COO 

C»-0  "D 

"O    0»T3 

o>  o> 

Oi  -o  -o 

■O-Oi-D       i 

^^ 

Q 

0  o 

O 

—    O  — 

•3    0    0 

O 

—    O  — 

Q 

o  o 

o 

-    O  -       ! 

2 

^ 

10   w] 

(0    (0    U) 

«    «3    to 

&    (0    <0 

(0    (0    (0 

(0   u)   u) 

g 

w  m 

(0    10    10 

10    U5    (0        1 

UJ 

IS 

o  o 

O    IS    9 

o  o  o 

<D    O    O 

O    IS    o 

(DOS 

a> 

o  o 

O    IS    IB 

COO 

X 

a 

o  o 

o  o:  S 

IT  o  a: 

a  o  a 

a  cr  a: 

cr  o  cr 

o 

a  o 

o  tr  X 

o 

(M     (M     <M 

■n    <>g    (V 

IM 

OJ    (V<     (M 

«     C»     Pu    <M 

«M 

P4     <Nj 

m    CM    (S 

CiJ 

^ 

—  o 

X  —  — 

^ 

o 

X    ^    — 

^ 

— 

—  o 

X   —   -^ 

— 

a 

U  «/I 

z  u  o 

O    U.    U. 

u  u  uo 

2  O  <_) 

U  u.  u. 

o 

U    O") 

ZOO 

U    U.    U. 

z 

>— 

> 

u 

z 

u 

O 

UJ 

i 

o 

2 

O 

I 


I 


9 
O 

O 

a. 


ID 

00 


Ê 


c: 

< 

00 


O 
O 

UJ 

Li. 

z 
on 

o 

o 

m 

UJ 

< 


z 
o 

• 

> 

«• 

ir> 

m 

PO 

r*^ 

fSI 

r». 

e\j 

r» 

^^ 

< 

• 

• 

• 

X 

• 

• 

< 

o 

O 

O 

O 

O 

O 

• 

o 

c 

m 

»n 

^ 

^> 

^ 

CSJ 

m 

r\i 

lA 

(M 

m 

^> 

2 

• 

• 

• 

• 

• 

• 

■< 

O 

O 

O 

O 

O 

O 

• 

UJ 

X 

in 

o 

o 

^ 

CM 

o> 

CM 

o 

rsj 

o 

Lk 

3 

• 

• 

• 

• 

• 

• 

<« 

O 

O 

O 

"^ 

o 

»< 

1 

• 

> 

«NJ 

vo  9> 

c                     W  «NJ 

«M 

œ  œ 

9i 

« 

0%  -H 

«>d 

1.                      W  CvJ 

V           « 

o^  « 

« 

• 

«       • 

•      • 

•                            • 

^ 

< 

O 

O 

O  -« 

^^ 

C              O  -< 

-*         O 

o  — 

« 

• 

o 

c 

<M 

eo  o 

r                  M  o 

o 

-H  o 

V 

CD  o 

O^  — 

e\j 

o<  o 

2 

• 
O 

•         • 

•           • 

• 

O 

d  -^ 

a: 
'  -  ■ 

• 

X 

vo 

<\J  O 

'                 00  o 

o 

a>  o 

o 

W 

0\ 

o  V 

o 

<               o  ^ 

r-         O 

o  «■ 

1^, 

2 

• 

• 

•        • 

• 

•        • 

•            • 

•    • 

ri 

o 

-N    ^N 

CM 

-N   »N 

CVJ           -^ 

•M    -« 

z 

• 

_^ 

o 

o> 

CVJ 

00 

o» 

^~ 

> 

— ■«■ 

«• 

9> 

«1« 

00 

H- 

< 

• 

• 

• 

• 

• 

< 

^N 

*^ 

^H 

CM 

««4 

^  * 

-  •"Xtrt'  ~ 

*  "  ~  " 

"  ~  ~ 

P)" 

■  ~ 

~ 

—  —  ~  if>' 

o 
—J 
z 

• 
C 

Co 

in 

• 

• 

o 

2 

lO 

d 

>e 

r^ 

• 
o 

(-> 

d 

gs. 

P. 

' 

~'o~  ~ 

Ô' 

tr> 

X 

o 

2 

_  n 

9> 

«n 

• 

g 

• 

«n 

o 
a. 

^ 

9 

CM 

O 

o 

^N 

^ 

z 

• 

«SI 

ï 

«• 

o 

> 

O 

ro 

o 

J 

•H 

e\i 

• 

• 

• 

►— 

< 

^m 

O 

*N 

3 

•4 

O 

« 

*  " 

"""■"* 

~  "  " 

* 

"  ^ 

" 

o 

C 

CD 

• 

o 

• 

CD 

• 

> 

00 

• 

vo 

O 

• 

—J 

2 

o 

o 

O 

3 

o 

o    ' 

z 

"  " 

"  *  *  * 

*  *  V 

*  * 

*  " 

" 

**'"'*" 

I 
LU 

• 
X 
O 

• 

• 

• 

> 

in 

• 

CO 

Û. 

2 

•^ 

o 

-< 

3 

^ 

d 

^^   ^^ 

^^ 

.   ^i»   ^Ik 

^»  «» 

«Mk 

e  £ 

• 

i^^- 

• 
•*- 

u  o 

O 

* 

-  o  o 

u  o 

O 

J 

u.  u 

H-          — 

-  o  •-        — 

u.  u 

H-          — 

< 

w         O 

o 

^  *^ 

^          O 

•O    ®    Œ) 

e 

«  3 

•D 

e 

o 

® 

e  D 

•D   « 

o  o 

©    D 

C  ai  oi 

0>T3  -o  ^    0>"D 

C 

o> 

o» 

D 

3  "D  "D    O-D 

C   O» 

0«  Oi-C  -D 

■O   0>-D 

■■M 

5  o  o 

O 

—  o  — 

o 

0 

C 

g  o 

o   0 

-   O  - 

3 

E   m   M 

U9    (0    (0 

10    (0    10 

C 

(0 

10 

m 

0    (0    <0    «0    (0 

E  w 

10    10    10    U3 

(0    (0    (0 

LU 

©    O   o 

O    9    O 

o  o  o 

9 

o 

o 

o 

s    o    o    o    8) 

œ  o 

o   o  •©  © 

so© 

X 

o  o  o 

O  e  ce 

Œ  o  o: 

O 

o 

o 

o 

r  S  ce  O  ce 

o  o 

a  d'à:  ac 

soc: 

o 

pg    M    «SI 

•^    M   N   «<a 

rw  («4 

«VJ 

p 

rsi   (M  «NJ 

(>d    (SI 

rvj   n   n<   (S 

ISJ 

O 

X  ^  ^ 

^ 

^ 

^ 

O 

T 

—   ^   ^ 

~~  ^ 

O  I 

^ 

U  o  V/l 

Z   U  U 

u  u.  u. 

O 

u 

1/1 

Z 

-)  u  u  u.  u. 

O  U 

i/l  2  O  U 

O  u.  u. 

= 

z 

(S 

CE 

z 

< 

LU 

< 

i 

-0 

U. 

2 

• 

ai 

c 

Ol 

o 

lO 

C/1 

*J 

o 

le  r> 

c 

C 

^ 

O 

o 

•^ 

*< 

f 

«0 

u 

c 

u 

•^ 

01 

u 

o.  o 

3 

^B 

tfl 

f 

"^^ 

u 

C 

1 

o 

*^ 

tn 

*-> 

O 

•o 

Q. 

c 

•^ 

>% 

^ 

o 

f 

*J 

f 

C 

u 

g 

>. 

L. 

o; 

«C 

en 

c 

IC 

•^ 

^ 

•o 

0) 

u 

> 

o  < 

M 

9 
9 
O 


C 

O 

o 


o 


m 

< 


o 

• 

«NJ 

o 

o> 

> 

(M 

r^ 

CM 

^ 

o^  _  _   o_ 

< 

< 

• 
O 

• 
O 

• 

O 

• 

o 

2 

• 

i^ 

c 

» 

CM 

» 

< 

CM 

lA 

CM 

in 

CM                 lA 

2 

• 

• 

• 

■ 

•                                           • 

O 

O 

O 

O 

O               O 

• 

-.  -  - 

LU 

X 

«O 

V 

co 

^" 

O 

CM 

et 

CM 

et 

CM           eo 

1^ 

2 

• 

• 

• 

• 

•             • 

^ 

O 

o 

O 

o 

o           o 

1 

ô 

ri» 

9t  00 

(M 

00  fn 

«M             un  oi 

«n        Vf» 

O»  -N 

kA 

Ul 

9\  CM 

•^ 

lA                 9\  -t 

> 

•          • 

•            • 

• 

•       • 

• 

•                                            •              • 

2 

< 

-H              O 

O  '-> 

"< 

O 

o  — 

— « 

O                O  « 

5 

*   * 

"  *"  * 

^  ^  ^  ^  ^  " 

~  *  *  * 

S 

• 

C 

tn 

—  o 

^ 

00  o 

«•              V  o 

^ 

CM 

ff>  o 

«n 

00  o 

csi           00  o 

se 

* 

•       • 

• 

•       • 

•              •    • 

(^ 

2 

o 

o  ^ 

o 

O-N 

o             o  -^ 

ce 

• 

X 

r>» 

;:r® 

V 

ui  o 

o                TO 

i 

O       a\ 

•         • 
csj         o 

o  fn 

•     • 

00 

d 

o  V 

•       • 

CO 

• 

•                      •       • 

2 

o 

9 

"^ 

v.^ 

«■ 

> 

o^              r>» 

CM 

00 

r». 

U) 

< 

< 

-M              « 

• 

(M 

• 

• 

• 

"    * 

~  "  * 

-C3 

*  ^  *  * 

-  -  --o 

o 

• 

C 

—            eo 

CM 

o 

est 

■^ 

oo 

^ 

2 

o           o 

• 

1 

• 

00 

• 

d 

1 

•M 

o 

"   * 

*  «  -* 

c5 

^  •    *  * 

t,-  - 

1/1 

X 

»*>           ^ 

m 

• 
en 

lA      . 

o 

o 

^           f^ 

CO 

«» 

• 

a. 

2 

"=. 

1 

• 
CM 

O 

CM 

-g 

• 

01 
> 

ve 

(O 

1 
00                                1 

o 

•              • 

O 
• 

• 

0> 

• 

~r 

^ 

< 

-N              o 

^ 

o 

O 

d 

< 
z 

"  "  " 

1 

M 

• 

C 

eo 

m 

^ 

S 

00            o 

00 

O 

oo 

o 

o 

•                              • 

• 

• 

2 

o           o 

o 

o 

d 

d 

1 

• 

{M 

CM 

9i 

UJ 

X 

\e>           00 

lO 

le 

m 

V 

a. 

i 

•              • 

• 

• 

o 

• 

• 
O 

«i^    <«» 

«1^ 

^«1    ^^ 

^^ 

o  n 

• 

9  â 

• 

.»   .iK   ..> 

o  E 

^ 

O  i 

^ 

(D   4      . 

u  S 

O 

k_  s 

O 

j 

u.  u 

^        — 

u.  U 

^          — 

U    O    O         — 

< 

^  ^ 

—         0 

^   ,^, 

—         O 

U.  O  t—        o 

-o 

o  ®  o 

o    3 

•o  o  « 

o 

«  o 

■D    «    « 

« ^    O    3 

c 

0>  CI  0"0  "D 

■O   O-D 

c  o  Oi 

o-o  -o 

•D   OT3 

C    C?  C 

O»  -O  t:  -O  O'O 

^» 

O    O    O 

-    0  - 

0  o  o 

o 

—   O  — 

g  O  O 

o o  — 

2 

g 

U]  (0  (0  «  (0 

(0  w  U] 

E  >o  U} 

ta  10  m 

in  m  m 

E    «3    « 

10  w  (0  m  (0  03 

UJ 

o 

o    o    o    o    10 

«    O    93 

o  o  o 

o  o  o 

o  o  o 

Œ)    o    o 

o    o    3>    o    o    S) 

X 

o 

o  a  a  cr  cr 

a:  O  a: 

a  a  a 

Q  tr  Œ 

ir  o  (T 

O  O  C 

a  ai  d  a  a  ai 

o 

«M 

r«   m   •>>   CM  «SI   (M 

CM     <N     «M 

>n    o*   Pa   c» 

rM    CM    rv 

m    p»    <M    (M 

«• 

^  O  ^  ^  ^ 

^ 

O 

I 

^ 

O 

X 

u 

U  i/l  2  U  U 

u  u.  u. 

u   u  (/I 

Z  U  U 

u  u.  u. 

O  U  uo 

Z  U  O  U  u.  U.        i 

= 

(T 

> 

2 

z 

Q- 

< 

3 

i 

< 

2 

-3 

o 

o 
o 
a. 


CO 

0^ 


E 


C 
o 
o 


o 

UJ 

_i 
CD 

< 


o 

• 

> 

CM 

m 

rn 

^B 

tsi 

P^ 

CM 

f». 

CM 

p». 

< 

• 

• 

• 

< 

O 

o 

o 

o 

o 

O 

z 

• 
C 

o 

o» 

e 

^5 

^" 

rsi 

tn 

CM 

ir> 

CM 

tn 

^> 

3 

• 

• 

• 

• 

• 

< 
ir 

o 

o 

o 

o 

d 

o 

• 

LU 

X 

V 

o 

o 

^" 

o 

CNJ 

a> 

CM 

o 

CM 

<r 

U. 

3 

• 

• 

• 

• 

• 

•< 

o 

d 

o 

«1-4 

o 

— 

^ 

• 

^ 

O 

rt 

3    m 

«• 

— <  «• 

o 

cvj  m 

> 

ifi 

tT) 

O     CM 

vN 

Ui 

a>  — < 

o 

o 

»  O 

< 

• 

• 

•          • 

• 

• 

•          • 

• 

•         • 

z 

-* 

O 

«N      «14 

-* 

o 

o  -< 

«>4 

•-4 

o  — 

QC 

• 

^ 

C 

CVI 

o  o 

m 

«o  o 

v4 

CM  O 

n 

CO  tr> 

CM 

P»    o^ 

*N 

m  ui 

3 

• 
o 

d  d 

• 

o 

•         • 

o  o 

• 

o 

•     • 

o  o 

^ 

^   ^ 

A  »  *  » 

^  ^ 

w     »     »    » 

^    ^    ^    ^    ^    m 

»      »     W     B 

O; 

• 

UJ 

X 

o 

m   o 

o 

o  o 

O 

W>  O 

o 

o> 

a> 

o  «• 

00 

o 

O    V 

to 

o 

9\  m 

1^. 

3 

• 

• 

•          • 

• 

• 

•        • 

• 

• 

•     • 

^ 

"^ 

o 

"^  ^ 

"■ 

'" 

— <  rt 

"^ 

CM 

O    -N 

Z 

O 

Ô 

CTl 

m 

00 

■■• 

> 

CM 

CO 

CM 

<£> 

o 

in 

H" 

< 

• 

♦ 

• 

• 

• 

•« 

Cy) 

•■^ 

CM 

«N 

CM 

•■N 

o 
f\J* 

"  "  *  " 

Kj' 

*  " 

*    "    "   * 

"•"""■ 

-  -  -  n^~  ~ 

o 

• 

c 

V 

• 

«5 

U^ 

«• 

■^ 

—1 

s 

^. 

• 

9> 

• 

o 

• 

z 

1 

^ 

• 

o 

• 

o 

1 

o 

• 

X 

o 

— 

(M 

CO 

• 

• 

r-) 

m 

______ 

1-  - 

• 

O 

o 
en 

a. 

^ 

CVJ 

O 

CM 

CM 

' 

_^ 

-^ 

z 

• 

9 

o 

o\ 

o 

o 

> 

CO 

00 

o 

00 

«H 

• 

• 

• 

• 

• 

^ 

< 

o 

o 

o 

o 

o 

o 

^ 

"  ■ 

"  ^  ^  " 

*  "  *  "  ' 

"  ~ 

~  "  "  ^ 

o 

• 

c 

00 

CM 

o 

00 

00 

o 

• 

• 

• 

• 

• 

-J 

s 

o 

o 

o 

o 

o 

o 

z 

u 

•  - 

~  •  •  ~ 

•  •  •  •  • 

■  " 

"  "  "  " 

•  ^  ~  • 

1 

uu 

œ 

• 
X 

o 

o 

00 

i 

Lf) 

CM 

• 

CO 

• 

CM 

• 

00 

• 

CSJ 

• 

a. 

-^ 

o 

o 

o 

o 

o 

^^   «^ 

^^ 

~^ 

— .   *^ 

^^ 

«k   ^« 

^^ 

e  4 

, 

o  4 

• 

©  4 

• 

e  E- 

^ 

©  f 

•^ 

e  E 

^^ 

V.   o 

o 

u  5 

o 

u  o 

0 

-J 
< 

u.  u 

•—         ^ 

u.  u 

>-        — 

u.  u 

>—        — 

_       o 

w                O 

^  «^ 

—       o 

•O    03    © 

© 

0)    D 

TJ    O 

œ 

Œ 

œ  D 

"DO© 

e 

©    3 

o 

C    Ol  9 

0"D  -D 

■3    O-D 

c  o> 

o 

Ot-O  -D 

•o  o-D 

c  o  o> 

o^D  ■D 

-O   o>-D 

•■- 

5  0  o 

o 

—  o  — 

is 

o 

O 

—  o  — 

2  o  o 

o 

—    O  — 

3 

E   (0  (0 

10    (0    «0 

in  in  m 

w 

(0  (0  a 

10  n  w 

E    M    10 

(0    (0    10 

(0    10    U) 

1 . 1 

©  o  o 

o  o  o 

s  o  o 

<D    O 

o 

o  e  o 

«  o  o 

o  o  o 

o   ©   © 

©  o  © 

X 

a  o  o 

o  cr  cr 

.:r  o  q: 

O  O 

o 

o  cr  cr 

cr  o  a: 

o  o  o  o  IT  cr 

cr  o  a: 

o 

CM     (M    <M 

n     <<g     P, 

fM 

<M     CM 

N 

ci   CM    CM   pa 

<M     CM     CM 

»n   «M   fv 

<v 

o 

I 

— 

^    ^ 

o 

I 

^ 

o 

X 

^ 

U   U   1/1 

2  <_)  U 

J  u.  u. 

U  CJ 

W1 

z  o  u 

u  u.  u. 

U  «J  wo 

2  U  U 

u  u.  u. 

z 

-J 

O 

a. 

z 

3 

3 

UJ 

-:> 

< 

i/i 

3 

« 

O 


a 

9\ 


£ 


C 
O 

o 


o 

m 

UJ 

< 


2 
O 

H- 
•< 

Z 
UJ 

u. 

> 
< 

0.2 
0.76 

0.2 
0.77 

0.2 
0.77 

• 

c 

2 

•                                                 • 

O              o 

00 

.                         * 

0          0 

cg              se 

•                 • 

0       0 

• 

X 

i 

•                                • 

O             o 

•                     • 

e         «4 

.M       § 

•                 • 

0       "t 

UJ 

OC 

• 

> 
< 

o             —ai 

.              .                         .      . 

o        o                '->  — 

•                •                           •          « 
00                         0      -M 

.                  .                         .        . 

00          0  — 

• 

c 
i 

o               in  o 
r-)               œ  o> 

o            o  o 

(Si             00 
fn             »   0 

•                           •          • 

0          0  -« 

0           ve  0 
m           eo  0 

•                            •         • 

0           0  — 

X 

V              «  o 

.            .                     .      . 

CNJ           O                       -M  -M 

0            œ   0 
00       0             o»   m 

•                 .                           .          . 

0           00  0 

1/)         .M              o^  M 

.                      •                               a          . 

O 
< 

o 
— i 

1 

h- 

CO 

O 

a. 

• 

> 
■< 

-H 

00            V 

«^                     «M 

.                         . 

• 

c 

2 

• 

X 

o 

2 

O               * 

.               O 

pg 

0 
^           d 

• 

d"' 

. 
PO                  IT) 

-»                  CM 

"5"     i 

œ             d 
_  _  _  _^_  ___________ 

C           ^     - 

0 

a 

< 
z 

a: 
o 
— j 
z 
u 

UJ 

or 
a. 

• 

> 
< 

O                  Psi 

-î          d 

CNJ 

eo             -« 
d           d 

0 

00                    CNJ 

d            d 

• 

C 
2 

œ           o 

•                            • 

o          o 

eo            0 

•                              • 

0            0 

VO 

00            0 
d            d 

• 

X 

if)               9> 

.                  • 
—               O 

m             (Ni 

-H                      0 

eo             * 

•                              • 

0             0 

< 
U 

Ul 

X 

u 

œ  3  ". 
œ  £  -t- 
u  o  o 
u.  u  ^       — 

o 

'O  o   o  o                  o  3 

c  01010T3-0-D  o-a 
gooo  —  —  —  o  — 

EiAU}<AIOU3«)M(0 
OOOOOOiOOO 

00000:0:0:00: 

M    (M    (M    m    (M    (M    rg 

0  X 

UU(/lZCJUUU.U. 

ô  2  "1 

Œ   E  -^ 
v_  0  0 

u.  tj  H-          — 
0 

C   OiOiO-O'D'D   0>-0 

gooo 0- 

Eioiouwioifliou) 
soooooooo 

00000:0:0:00: 

(M    M    04    Kl    (M    rg    04 

0  X 

OU(/^ZUOOLi.U. 

e  É  -^ 
u  0  0 
u.  u  t—       — 

0 

"U   0   o    ®                    CD 

C  o>o!?^'0'o  oir; 
gooo 0  — 

000000000 

ooooo:a:iroc: 

«V    rx    <si    «   pj    «M    <v 
UUU^ZUUUu.u. 

z 
z 

s 

H- 

u 
0 

> 
0 

0 

UJ 

Q 

« 

o 


CO 


£ 


< 

r 
o 


1/5 

o 


< 


o 

• 

9 

CM 

V 

> 
< 

CM 

• 

o 

• 

o 

CM 

d 

• 
O 

CM 

d 

d 

< 

z 

• 

c 

V 

«o 

o 

9^ 

CM 

V 

CM 

«■ 

CM 

n 

a: 

S 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 
O 

• 

UJ 

X 

o 

o 

o 

►— 

o 

e<g 

OJ 

CM 

P\J 

a> 

s 

• 

O 

• 
«i4 

• 

• 

d 

d 

z 

• 

<£> 

r^ 

c^ 

^ 

•4     kr> 

«• 

1^  CO 

o 

«n 

« 

r>k 

o> 

T>       «e 

P^      CO 

CM 

tn 

r».  00 

^^ 

> 

• 

• 

• 

• 

•                  • 

•             • 

• 

• 

•     • 

^ 

< 

o 

o 

O 

o 

3         O 

o    o 

"H 

o 

o  o 

i 

"  ■ 

»  M  w  » 

»    *    w 

~  ^  " 

"  "  * 

s 

• 

c 

o 

o 

o 

O 

«•      CM 

csj 

O  rn 

V 

vo 

CO 

cn 

tn    r^ 

«n 

r»  in 

^s 

^^ 

• 

• 

•           • 

• 

•     • 

^.d 

3 

o 

d 

d 

o 

o    o 

O 

o  o 

a: 

• 

X 

o 

CM 

tn 

o 

o 

m     o 

o 

CM  O 

k^ 

w 

9> 

CO 

^N 

s      o 

00      — 

« 

o\ 

CO  o 

^^ 

• 

• 

• 

• 

•              • 

•            • 

• 

• 

■        • 

s 

"^ 

o 

o 

^^ 

•^         ^m 

O      -N 

CM 

o 

o  — 

O 

> 

.rn 

0^ 

CO 

to 

• 

< 

< 

— 

d 

->             "" 

« 

^N 

*  * 

-  -      ~i^  ~ 

*  *  "  " 

"  "  " 

"  ^  " 

~  w  w 

■fc" 

—  —  —  o~  ~  ~ 

ê 

• 

c 

2 

—    • 

^ 

o 

' 

kO 

o 
z 

r«* 

in 

d 

1^               O 

iXt 

• 

o 

CJ 

1 

-  - 

--    ,-" 





_  _  . 



4- 

d 
—  "■  -  2^—  ~  ~ 

.  _  _ 

^w 

* 

o 

• 

fco 

X 

O 

1  i*> 

CM 

«             m 

n 

CM 

o 

^  ^s» 

'^^                • 

^^ 

a. 

2 

CM 

og 

c              rg 

o 

rrt 

z 
o 

• 

> 

• 

u-> 

O                     CM 

• 

» 

0^ 

CM 

^^ 

< 

O 

d 

c             o 

^^ 

d 

< 

^C 

^   * 

^     s                 ^    ^    ^ 

^  ^  ^  ^ 

^  ^   ^ 

^   ^   m 

w  *  ^ 

^^ 

• 

tn 

fn 

tr> 

ac 

C 

u^ 

o 

u-               O 

ir> 

O 

o 
—J 

• 

2 

o 

o 

c            o 

o 

O 

(_> 

• 

o 

^  ^  ^ 

^   ^   " 

^  ^  ^ 

o 

o 

UJ 

X 

tn 

CO 

in                vo 

ID 

CO 

QI 

o 

• 

• 

• 

• 

a. 

2 

"^ 

o 

—                O 

•* 

d 

^*   -» 

„^ 

«^  «« 

«^ 

.^-.  .-. 

„-. 

- 

œ  £ 

^- 

• 

©  ri 
©  £ 

^ 

I.    O 

o 

u  o 

o 

L.    C 

o 

— i 
< 

u.  u 

f— 

^ 

u.  u 

^       — 

u.  u 

h-          — 

^^ 

O 

—       o 

w      *^ 

w                   O 

1  e  « 

œ 

o 

■D 

■D 

c      ©©"''* 

O    Zl 

'O    9    O    O 

©    3 

u 

:  o>  o> 

Oi-D  -O 

T3    OtJ 

C 

c     O»  Oi'D  "D 

■O    0>-D 

C    0>  Oi  Oi-O  "D 

•D    Oi-O 

«« 

:  o  o 

O 

—    O 

_• 

COO 

—    O  — 

0    O    O    O 

^   ^ 

—    O  — 

2 

:  «  «n 

«  «  w 

«5    U3 

«0 

c 

I      UO    (0    0}    w 

10    M    (fl 

E    W    «3    w 

to    05 

M    (0    to 

UJ 

X 

J  o  o 

OSS 

O    O 

e 

S 

(    o  o  o  o 

e  o  c 

©coo 

©    © 

©    O    © 

3  o  o 

a  CI  a 

CC  O 

a: 

O 

c    o  o  s  (X 

cr  o  a: 

o  o  o  a 

cr  cr 

cr  Q  o: 

u 

esi    (M    <M 

>r    (SI   fg    rv 

(S 

1    CM    «n    (M    04    »>< 

«^    <V(   «SI   n 

(<«    cs 

CM 

—  o 

X  —  — 

.* 

^ 

-     O  I 

.^ 

OX 

^   ^ 

^ 

J    U    V/! 

2   U   U 

O   Li- 

u. 

o 

c      v/)  2  U  U 

O  u.  u. 

O  U  1/)  z 

U  O 

(_)    U.    Lk. 

z 

CO 

cr 

2 

UJ 

< 

i 

u. 

2 

C 

■3 

o 

1 

•^ 

■> 

4>> 

3 

« 

c 

; 

^ 

■3 

o 

^B 

J 

f 

■3 

u 

~ 

L. 

— 

01 

_ 

a 

■3 

m 

^ 

^»^ 

-> 

c 

c 

^ 

•^ 

/I 

^- 

3 

<c 

^ 

c 

•^ 

>> 

I. 

^ 

c 

^ 

^ 

£ 

S 

c 

S 

c 

> 

t. 

0) 

re 

^^ 

c 

lO 

•^ 

'^ 

^ 

aj 

L 

> 

C 

< 

« 

O 
Q. 


E 


C 
O 

o 


o 

UJ 

tn 

< 


o 
<< 

UJ 

u. 

• 

> 
< 

0.2 
0.64 

0.2 
0.75 

0.2 
0.72 

ç 

3 

m 

•                               • 

O            o 

•                                  • 

.  0              0 

CM                   ««• 

•                                            « 

0                   0 

• 

X 

i 

.                     . 

o            O 

0 
M            at 

•               • 
0            0 

•                                            • 

0                  -^ 

3 

UJ 

a: 

UJ 

6 

> 
< 

m           o  f». 

(AU)                 00    00 

.          .             .     • 

-*       o          o  o 

.            .               ■     . 

.«0             00 

en              0    vo 

.          .                .      . 

«       0              00 

• 

c 
i 

o            en  o 

V              «Or: 

•                 .     . 

O          o  o 

cvj            ir>  0 

•                            •        • 

0            00 

m              00    0 

n               r».    00 

•                       .         . 

0           00 

• 
X 

o            m  o 

.            ■                .      . 

-«          O              o   -« 

00        f*-            00  -^ 
.           •               •     * 

-<        0            0  — 

CM              en    0 
r»        oi              00    « 

—      d            d   « 

Z 
O 

•< 

S 

o 
_l 
z 
<-> 

1 

«•) 

o 

d» 

> 
< 

CM 
00                  00 

.                           . 

91 

«0             m 

•               . 

p». 

•                            • 

ç 

i 

^               O 

d 

0 

0 

• 
X 

m"            « 

■V. 

o               «V 

• 

* 

(M                   f*) 
Zï                   CNJ 

• 

°           0 
m            "î     - 

o 

o 
—1 
z 

CJ 

1 

UJ 

s 
a. 

• 

> 
< 

esi 

•                                   • 

0 

en             n 

•               • 
-»             0 

0 
m             en 

.                            a 

• 

c 

2 

LT) 
U)                    O 

d                   d 

d           0 

00 

d           0 

• 

X 

•                 • 

—           o 

S 

•                           • 

-N           0 

g 

•                         • 

-<          0 

< 
u 

UJ 

X 

u 

«  2  ". 

u  o  o 

U.  U  t-         — 

o 

'U    o    o    o                      o    3 

oooo o  — 

E</](OU]cou)i/)<au3 
ooooooooo 

00000:0:0:00: 

uounzuuuu.u. 

«  2  "^ 

«  £  -t- 
u  3  0 

Ut  0  H-          — 

0 

'OOOO                     93 
C    00>0i-0'0'0    0"0 

gooo 0  — 

EiousiottJtrioMu) 
ooooooooo 

00000:0:0:00: 

eM    es    e«i   «^    (v«   (^   (V 

U<J</12CJUUU.U. 

il;- 

V-    0    G         — 

u.  0  1—        0 

c  o>o>o-o'o-o  o>-o 
oooo 0  — 

£«3W(0<fl(0WWW 
00000(0000 

00000:0:0:00: 

ra    es    evj   m    <v    <M    evj 

01 

MONTH 

Q. 

< 

> 
< 

2 

2 
"3 

I 


I 


o 

o 
a. 


CO 


£ 


C 
o 
o 


o 

UJ 

CQ 

< 


z 
o 

• 

9 

O 

IT) 

CM 

> 

rM 

r~ 

csj             r». 

CM 

r». 

^^ 

< 

• 

• 

•                • 

• 

• 

i 

o 

O 

o          o 

o 

O 

• 

^5 

C 

evj 

ir> 

CM 

^> 

•^ 

esi 

«• 

CNJ               *»> 

CM 

^ 

3     3 

• 

• 

•               • 

• 

• 

a: 

o 

O 

o          o 

o 

O 

• 

LU 

X 

O 

o 

CO 

^" 

I 

CNJ 

«M               CVJ 

CM 

0\ 

U. 

• 

• 

•                  « 

• 

• 

< 

o 

"* 

o             -^ 

o 

o 

—      > 

r-> 

0\  r^ 

-*                       If)        -N 

n 

\o  -< 

V 

m 

o  o 

-N        i«             o>     — « 

9>       tn 

O)   -N 

• 

• 

•       • 

•                •                         •            • 

•                 • 

•       • 

^     < 

o 

o  — 

-NO                     O        « 

o      o 

o  -H 

^C 

~  ■ 

s     • 

o    C 

o 

-*  o 

CM              rvj      o 

tA 

m  o 

Si 

fn 

^.  CD 

«n           a>    o 

ro 

00  9\ 

• 

•      • 

•                     •          • 

• 

•        • 

o 

o  o 

o           o    — 

o 

o  o 

^        -    . 

*  •  »  » 

w     *     « 

^ 

»  .    1          A 

o 

9\  O 

«O-                 »       O 

o 

P-)  o 

t^     O 

rn 

fVJ 

o»  n 

o      oi           a>    CM 

00          9) 

o  If) 

i    2 

• 

• 

•     • 
o  ^ 

•                •                         •            • 

CM          O                 O      -N 

•                • 
-H            O 

•        • 

2        . 

c    d» 

«M 

«■ 

o 

^    'i 

«^ 

r* 

o            « 

« 

<»• 

< 

• 
CM 

• 

CM                  -^ 

• 

• 

—  —  —  ■^^  - 

"   "   *   " 

O" 

tn 

il  c 

^ 

in 

_'         o 

• 

o 

O  !  _ 

^^ 

«e 

^         If) 

^ 

te 

^    3 

^« 

d 

•         d 

CO 

• 

• 

o 

1 

d 
cr  - 



____o 

_ •  —  — ^ .  —  -  —  —  —  —  —  —  _- 



o 

CO 

o 

• 

X 

• 

^^ 

o 

• 

o 

00 

• 

«=                 CM 

• 

CM 

o 

• 

o 
• 

CM 

- 

— 

Z     r> 

VC 

V 

\r> 

O 

> 

o> 

^N 

CM                 »* 

9\ 

— N 

• 

•                     • 

• 

• 

^- 

< 

o 

o 

-N                       O 

o 

o 

z 

*  * 

"  ^  "  ** 

^— 

C 

tSJ 

CM 

CM 

a: 

CO 

o 

CO                  O 

s 

o 

o 

^" 

• 

• 

•                     • 

• 

• 

2 

o 

o 

o          o 

e 

o 

K      ^      ^     ^     ^     ^ 

^   " 

^  ^  ^  ^ 

^   ^  * 

^  * 

1 

UJ 

• 

X 

i 

kn 

o 
m            in 

m 

ai 

• 

• 

•              • 

• 

• 

a. 

•" 

o 

—          o 

«4 

O 

.**   -«fc 

.«^ 

^i»  «»k  ^» 

^^  «— 

«1» 

s^ 

• 

o  4     . 

S  ri 
œ  E 

^ 

I.   o 

O 

u  5  o 

1_   o 

o 

-J 
< 

U.    (_) 

H-           ^ 

u.  u  >—       — 

u.  u 

H"           ^ 

«      o 

o 

^  ^ 

2 

"O  o  o 

œ  ' 

®   D 

"U    9    O    O                      O    3 

XJ 

© 

s  o 

œ  D 

o 

c  o>  o> 

Oi-D  -0 

■o  or) 

C    OOO'D'DX)    Oi-O 

c 

0» 

Oi  O'D  -O 

■D    Oi"0 

^^ 

o  o  o 

o 

—    O  — 

OOOO O  — 

o 

o 

o  o 

—  o  — 

2 

E   ">  le 

(0  u)  (0 

o  w  w 

E</]<o<n<o(Oin(n(/; 

E 

w 

10  m  (/)  (c 

«    W    «3 

UJ 

03    O    O 

OSS 

(COO 

sooossoos 

s 

o 

o  o  s  s 

œ  o  s 

X 

O  Q  Q 

o  cr  cc 

a:  o  er 

oooocrccsoo: 

o 

o 

o  Q  IT  ce 

0:00: 

u 

eg    (M    c\j 

n   (\i   p»  <M 

(M   (<g    cvj   n    Pd    (M   rii 

rg    «M 

CM    tn    (M    «s, 

cv 

o 

^  

— 

O  I 

— 

— 

O  = 

— 

o  a  i>o 

2  O  (J 

u  u.  u. 

uuunzucjuu-u. 

U 

u 

1/1   Z   O   U 

u  u.  u. 

s 

_i 

O 

Q. 

z 

3 

3 

UJ 

o 

-3 

< 

1/1 

3 

a 

o 
a, 


£ 


C 
O 

o 


CD 

< 


O 

•< 

z 
o 

i 

ae. 
^■ 

o» 

> 
< 

0.2 
0.73 

0.2 
0.76 

0.2 
0.73 

• 

c 

3 

o 
CM             r> 

•                                • 

O            o 

o 

«M                 <M 

.                    . 
O               O 

o 

CM                  V 

•                                          • 

O            o 

S 

•                     • 

o             «^ 

o 
cvj            o 

.                     . 

o 

CM                  — 

•                         • 

o             -» 

i 

• 

> 
< 

.         .               .     . 

«M               f«»   o» 

•                    •                             •          • 

o       O           o  — 

— «            œ  00 

•                          •                               a          • 

-N            O               O  — 

ç 

i 

«•            -<  o 

•                            •         • 

o             o  -« 

O                     O     -H 

CV4           œ  o% 

*                            •         ■ 

O          o  o 

1 

o           w  o 

•         •               *     . 

-4             -•                          O     — 

o             <-)  o 
•              •     • 

00           >A  o 

—           Oi              o  V 

•                     ■                         ■        • 
«NJ              o                  -<  -N 

o 

•< 
Z 

a: 
o 

<-> 

1 

2 

• 

> 
< 

{M 

eo                r^ 

•                      • 

• 

c 
i 

— . 
• 

X 

o 
a 

...o... 

o 
n            00 

O                «M 

O                O 

• 

~  ~  •  ttl"  ------- ---H 

. 

>H               en 
— .                f^ 

o 
_  _  _  v_  ___________ 

o 
z 

1 
LU 

o. 

> 
< 

—1                     tVJ 

.                 . 

f>«. 
d            d 

—            o 

• 

c 

3 

00 

d           o 

00            o 

«                           • 

o           o 

a              o 
d             d 

X 

o 

o 

.             * 
-«           o 

-N              o 

—1 
< 
u 

3 

LU 

X 
O 

ê  S  'l 

«   E  -t- 
V.   O    O 

U.   U    H-           — 

•      o 

^    o    4)    o                        0    3 

c  oio>oi-a-o-o  o'O 

c-:oo o  — 

E-iMuiioioioioco 

ooooooooo 

aaoosizcroa: 

M     (M     m    m     (M     (M    (M 

o  X 

UOUIZUUUU-U. 

«  S  1 

u  5  o 

u.  o  »-       — 

o 

'U    o    o   o                     9    3 
C    OOiO-O-D-O   0»-0 

gooo o  — 

Ewwjuiioioioi/)!/] 

900004)009 

oooacrcrcroa: 

<M   M    ex   m    M    ru    (M 

O  X 

OUt>02C_)UUU.Li. 

9  3  '^ 

«  S  * 
i-  o  o 

u.  o  »—        — 

o 

'D    9    9    9                       9    3 
C    0>00>D"0'0    !3"D 

oooo o  — 

Emio(oi/)(0</)(/)u} 

900099909 

oaoosiriroa: 

r«   rg    <M    v^   CM    (X    (X 

<_)Ou02OUUU.U- 

z 

§ 

u 

o 

> 
o 

z 

o 

LU 

O                                         1 

e 
o 

CL 


vo 

00 


a: 
< 


•s 


E 

UJ 


O 

IX 

a 


a 

UJ 

u. 

z 
o 


m 


< 


c 


c 
o 

o 


on 

O 
a. 


UJ 

o 
cr 

• 

(0 

0 
c: 

u. 

f^i      V,      POi      «•.      eOi     O'      r^'      OOl      9\  >     if)   •      m'      CO'      r«>'      0\  >      in 

"Ni      cnji      m  •     e\ii     "NI     c\j'     CNj;     ro;     pg;     cvj;     en:     ro;      cm;      mm  ',      cm 

*l        *i        *i        *i        *i       *(        *i        ••        ••        .1        .i        .1        .1        «1        . 

• 

o 

o 

u. 

0181 
0.94 
1.05 
1.04 
1.03 
0.99 
1.08 
1.06 
1.08 
1.05 
1.08 
1.08 
1.06 
1.03 
1.05 

o 
►— 

< 

K 
UJ 

H- 
U. 

< 

■  . 
» 
e 

Ol 
«s. 

<iJ 

o 

0.74 
0.71 
0.79 
0.73 
0.70 
0.77 
0.74 
0.74 
0.72 
0.77 
1     0.73 
;     0.76 
0.75 
0.75 
0.76 

• 

« 

O 

O 

lo 

X 

z 

1                1                1                •                1                '(NJiCM'CNi'tM'CM'CNJ'CVJ'OOICSJ 

1                               1                               *                               t                               1                               1                     *       t                     *        l                     *        1                    *        1                     •§                     ••                      *!                      ••                      • 

1             1             1             iO|0;0;0;0;0'0;0;0 

O 

i 

UJ 
UJ 

«5 

S. 

r 

0.61 
0.62 

!  0.57 
0.56 
0.57 
0.58 
0.58 
0.62 
0.61 

!  0.62 
0.59 

;    0.62 

;  0.62 
0.62 

1    0.60 

« 

O 
O 

CM 

o 

•^1     -n;     vI     ^;     vol    ir>!     «■;     ml     vl    vol     ml     r»>l     cmI     cnj!     m 
•  •        .1       .1       .1       .1       .1       .1       .1       .1       .1       .1       .1        .1        .1       • 

"^1     ""1    "^1    -"1    -<l— '!    o;    o:    Ol    Ol    ol    ol     ol     ol.o 

o 

Z 

o 
_J 

1 

^^ 
\J-I 

o 
a. 

<.J 

e 
e 

1.69 
1.46 
1.70 
1.78 
1.82 
1.63 
0.79 
0.94 
0.98 
1.08 
0.91 
0.90 
0.82 
0.85 
0.98 

. 
W 
O 

o 
u 

(*>  ItM      !          1          i          !          !          !          !          I          i          !          I          I          ; 

vrilool      olocoloeol«-Lni«'      Ico     'co     loo      -oo     'vo     'vo    'vo      'vo 
*****         "1**1*     "I**]*!*!*]*!*!*]*]*      1* 

.«{m  "Ni        -«.-<0.-«0.0-N.  o       .o       iO       lO       lO       'O      'O      lO        'O 

1   ■>*i"*^*N.i|   ^^i'-^^.»;'^-^;^'»^:»^   |'»N.   i;-»»    |'>^   «l*^   i;">.   Il  «««.i:^.    •!"■*>   • 

m;ovr);      oiomiomloolo      lo     !o     !o     loo     !oo     Ivo    Ivo      Ivo 

.,..1                   .•.*!.».         M.            1.            1.            «.            t.f.l            .1.             1. 

"-;"N— ».       r\j;«M"M<«Ncy"N(Nt;"N      j^h      ;— <      |-n      |o      IO      |0     lO       lO 

o 

cr 
o 

u 

1 

UJ 

o: 
a. 

e 

S 

0.34 
0.35 
0.53 
0.44 
0.48 
0.27 
0.26 
0.25 
0.24 
0.28 
0.19 
0.20 
0.25 
0.33 
0.41 

«5 
o 

o 

p» 

o 

0.8 
1.5/0.8 
1.5/0.8 
1.5/0.8 
1.5/0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

UJ 

-ifsii  m  \   t\  inivûj  r-î«oicT>!Eizi!^i!2j![iî£î 

V)  M 

0)  Cl 

3  3 

>  > 


e  E 


X    X 

m  <o 

t.  E 

>«>, 

•^  "^ 

«  <o 

TS-O 

*     « 

o;    0) 

o>  o> 

in 

•e  le 

Qi 

en   »n 

S 

O    O 

r^ 

■o  -0 

m 

> 

0)    c 

c  o 

•^"  «^ 

c 

u  ■>-> 

m^. 

o   «J 

B 

<—  c 

^  •— 

• 

u    t. 

X 

o 

fC 

>>•— 

t 

l.  JZ 

(D     u 

>. 

c   i_ 

^B 

^    OJ 

•^ 

•c    Q. 

re 

u  s 

O 

o  ty^ 

^l^l'^l^i"-!^        —csjm 


o 

CM 

o 

o 

a. 


Of 


£ 


C 

o 
o 


m 


CD 

< 


UJ 

o 

œ 
o 

3 

—J 
1^ 

• 

(0 

o 

q: 

CM 

ou 

• 

CM 

vol     p»!     ol     uil     ool     ml     vol     «•!     «•!     f^ 

m»      r^'      ^'      f*)'       ^^«       00*      CO*      00'       Ch'       o^ 
•I        "I        *  \        •!        •!        '!        *   \        •!        •!        * 

s 

d 

00 
CO 

• 

o 

00 

• 

o 

m 

o 

• 

• 

(0 

o 

o 

u. 

O 

• 

* 

o!     f'n!     cm!     ^.!     ool     vol     «nl     «1     ml     vo 

— «1     -^1     »n;     o|     o^[     vo;     ^«J     p^I     001     '*• 

*i       *i       *t       *i        *i        *i       *t       *i        *i        * 

^  \     ^  \     ^  \     ^  \     ®l     ^i     ®!     ®!     ®!     ® 

m 

d 

vo 

• 

o 

CM 

d 

00 

d 

o 
»— 

z 

•< 
q: 

UJ 

u. 

• 

CO 
o 

00 
d 

fsi;    — «;     o;     e*gj     m;     <e;     -^;     ui;     m;     ^ 

00          00           00           CD           GO          00    i      00           ^^           ^^   i       ^^ 

•       •                 •!                  •(                  •■                   •!                  «1                  ••                  •!                   ••                   • 

o;    o;    o;    o;    o;    o;    o;    o;     oi    o 

• 
O 

• 

o 

vo 
d 

00 
d 

«5 

O 

O 
m 

X 

z 

o 

CM 

• 

o 

CNil     cm!     cmI     cmI     cmI     (m1     ^dl     cmI     cm!     cm 
•   •       ••       •■       ••        ••       ••       •'       •'        •■        ■ 

o:   o:    o!    o:    oi    o:    o;    o;    o:    o 

CM 

d 

CM 

• 

o 

CM 

d 

CM 

• 

o 

o 

1 

UJ 

(O 

» 

or 

w 

u 

u 

tM 
VO 

d 

I/) 

d 

•^'      O^'      •^I      ^^'       ^^!      O!      ^î      ^^î      "*1      "^ 
^1      m.      \Oi      lOi       VOi      VO>      kDt      vOi       <nD>      so 

•       <                  ••                  ••                  ••                   ••                  •!                 •*                 •»                   ••                   • 

o:    OI     ol    Ol     OI     ol    ol    ol     ol     o 

o 

vo 

d 

o 

vo 

d 

o 

vo 

d 

vo 

• 

o 

• 

(0 

O 

O 

fsl 

o 
1/1 

CO 

• 

o 

CO 

o 

ml       vl       CM"       CMi       rO'       PO'       ^'       CM'       d'       r«" 

•'        •'        *1        •!        *l        *1        *1        *1         *1        * 

• 

u-> 

m 

• 

•z. 

O 

H- 
•< 

z 

cc 

o 

—i 
z 
o 

1 

*/> 

o 
a. 

<-) 

e 
o 
u 

CM 

o 

a» 

CM 

• 

— <lol      vol     vol      "*1     -^1     o'     c^i      cmI      "" 

O'm;     vo;     r»;     oo;     oo;     f*»;     r^;     o;     O 

*■       *l       *■       *i        *t       *i       *i       *i        *i        " 

CO 

• 

• 

00 
vo 

• 

m 

o 

o 

u 

•  • 
o  -^ 

•  ■ 

o  -< 

*l**l          *1         *i         *i         *■         *1         *i          ^          * 

O         '   O  fV*           «          CMi         CM.          — .         — «.          -«.           -<          CM 

O      1  00  o;       o:       ol       ol       ml       ml       m.        o        ml 

•               ■■«                        «•                       •!                      ••                       •!                      •<                       •!                        «                        * 

-H     1  o  fn;      cm;      cm;      cm;      cm;      m;      -n;      ev^      cvs 

•    • 

vr 
CM 

c 

CN 

o 

< 
CM 

o 

CNJ 

z 
o 

•< 
z 

o 

z 
u 

1 

UJ 

a: 

OL 

10 

« 
ac 

VJ 

« 
o 
k- 

CO 
(M 

d 

• 

O 

9\  \    o;    9\  '.    m;    m;    v;    m;    vo;    «n;    n 

.^.CM.       — <.       — <'       -<.       —    .       —     .       CMi       CM.       — 

a.             •'              •.              •'               •'              •)              ••              •'               •'               • 

oio:    o;    o:    o;    o;    o:    o;    o;    o 

in 

• 
o 

00 

• 

o 

CM 

• 

o 

• 

o 

95 

O 

o 
u 

CO 

d 

00 

d 

• 

,           1           1           |ao|ao|           |ao|aD|           \ 

o;o;    o:^:    -*-<>;    o;-^:^!    o:    o 

CO 

d 

00 

d 

CO 

d 

CO 

o 

UJ 

u> 

r- 

m'     a\''    ol—   1     cMlfolvlmlkOlr* 

_;      _l      (Ml     «Ml      CMl<Ml<M|CMlC\i;<NJ 

IS 
CM 

CM 

o 

m 

o 


o 

Q. 


œ 


Ci. 
a, 
«s 


E 


O 

a. 

Û. 


o 

Lxl 


Ô 


m 


m 
< 


o 
az. 

S 

(0 

a: 

ff< 

1.23 

0.60 
0.39 

CO 

o 

f^  i    o 

-N    .          (Ni 
.    '               • 

mm   \         mm 

PO 
PO 

«5 

o 

o 

u. 

O 

• 

CO 

o 

• 

o>  \          1          J          î          J          !      *o  î     vo 
o^  .          ,          .          ,          .          •     *^  •     o^ 

•  •              1              1             1              1             '          •  '         • 

o  :        :        :       :       :       :    -.  :    o 

O 
mm 

O  ;      oi 

M     J           O 

o 

• 

mm 

;    o 

• 

o 

< 
O 

UJ 

< 

05 

ai 
o 

00 

• 

o 

vo 

d 

9\  ',           1           1           1           1           !      LD  !     rv. 

«*>  ;          :          !          :          :          ;     œ  ;     vo 

•  1           !           1           1           1           !        •  1       • 

O  1           1           ;           1           .           1      o  ;     o 

o 
d 

0^  '•       r>«. 
VO  ;       r* 

*      1                    • 

O  ;     o 

• 

o 

• 
O 

■ 

U) 

o 

O 

I 
z 

d 

. 
O 

M  ;         ;        ;        ;        ;        ;    esi  ;    pg 

o  ;            ;            ;            ;            ;            ;      d  ;     d 

CVJ 

d 

PO  ;    PO 

•    1              • 

o  ;     o 

PO 

d 

.       PO 

o 

o 

i 

(-> 

UJ 

C3 

K 
UJ 

•*• 

c^ 

e 
s 

u. 

d 

m 
in 

d 

tM  I            !            !            1            !            !      r^  1     o 
*^   ;              J              !             !              I              1       GO  !      vo 

•^  ;        ;        !       i        ;        :    d  j    d 

o 
in 

. 
O 

^  ■      m 
m  ;      m 

O  ;     o 

m 

O 

vo 

m 

. 
O 

« 

O 

«M 

O 

V 

. 

o 

•^  !                     !           !           !           !     r»  !     ro 
•  1           .           I           1           .           1        •  1       • 

fM 

m  !     vo 

o  ;    « 

vo 

mm 

o 

Z 

œ 

o 
_j 

1 

^• 
«/) 

o 
o. 

o 

• 

C2  1          i          !          !          '•          ;     tNj  ;    r^ 

o  .                       1           1           .           1      r».  1     o 

•  1          1          1          1          1          •       *  •      . 

-*  ;        1        !        !        ;        !    o  1   CM 

r» 
• 

m  1      PO 

O  ;      m 

•  1        . 

00 

U 

CO  CO 

d  d 
00  o 

o  fM 

coco 
dd 
oo 

CO  Lf»;           ;           ;          ;           ;          |       in(       ir 

•     •,           ,           .           .           .           ,          «          . 

O  -^-                                    ;            ;            ;        -^        ^ 

00  o!       ;       :       :       ;       !     o     uî 
.  ••       1       .       1       1       1       .1       J 

o  (Nj;        ;        ;        ;        ;        ;      oj;      ^ 

O  in 

•       m 

o  m 

CO     :   œc 
o     ;   cou- 

*         t           *       ' 

mm       ,    o  C\J 

m 

mm 

m 
Pvj 

mm 

o 

• 

PO 

o 

o 
_l 

tJ 

1 
UJ 

cr 

•o 

s 

ac 

*>* 

S 

u 

LT) 

. 

O 

d 

m  I           !           1           !           !           i     9>  !     vo 

f*i  ;          !          ;          !          ;          ;     n  ;    ^ 

"  1          •          t          1          1          1       .  1       . 

^  :        :        :       :       i       :    =>  i   o 

PO 

• 

O 

mm    >       r«*. 

PO     :       mm 

•     <             • 

o  :    o 

o 

PO 

. 

o 

PO 

• 

O 

— <CD 

un 

00 

d 

00   ;          .'           !           !           !           1           1    00 
O'     iri'     m   \     iT)'     m;     tn;     i/>;     o 

■":;  .     •  .      •  .     • -^ 

00 

• 

o 

00  ;    00 

d  ;     d 

CO 

d 
m 

m 

UJ 

•< 
o 

— 

tvj 

foj     ^1    ir>|«û!     r>-;oojœ|2 

— 

CM    1    m 

V 

tn 

ifl 

crt 

o 

o; 

3 

3 

p^ 

^v 

re 

(O 

> 

> 

. 

. 

c 

C 

e 

E 

* 

. 

K 

K 

fC 

m 

E 

E 

>. 

>^ 

^ 

m^ 

•^ 

.^ 

re 

«0 

"O 

•O 

. 

, 

OJ 

o; 

w 

Oi 

v> 

<c 

<o 

01 

(/) 

i/» 

3 

o 

o 

^ 

"O 

•D 

lO 

> 

01 

C 

c 

O 

. 

"^ 

c 

(. 

*^ 

•^ 

o 

<0 

e 

c 

J= 

>^> 

. 

u 

l. 

K 

o 

IQ 

>% 

t 

u 

J= 

13 

u 

>< 

C 

L. 

^ 

•1" 

Ol 

•m- 

•o 

Cl 

<o 

u 

3 

O 

o 

i/-> 

o 

« 
o 
o 

0. 


as 


E 


C 
o 
o 


ui 

< 


UJ 

O 

E 
O 
= 

• 

o 

IT 
u. 

o 

CVJ 

O;       O;      o;      O;       «m;      c;      (m 

cvj;       cm;      cm;      cm;       ol      cmI      cm 

.1          *>         .1         .1         .1        .1        . 

-^  1      "*;     -*  I     '^  ;      "^  !     -"1     — « 

CM 

. 

o 

CM 

• 

1.20 
1.18 

o 

CM 

o 

CM 

O 

o 

u. 

o 

IT) 

O 

• 

V  ;       -N  ;      ,—  \      CM  •       CM  ;      --  1      ri 

Ol       0<      0<      Ol      o<      o>     o 

.1        .1       .1       *i       .1       «1       . 

'         CM 

o 

• 

o 

• 

r^  l      » 
o%  ;     a> 

o'  1    d 

O 

o 

• 

O 

o 
a: 

LU 

Lk 

•< 

«0 

• 

o 

CM 

o 

• 

o 

*!      «r!      o!     (m!      i^l     «*!     o 
•'         •'        •!        •!        •!        •'       • 

O  .        0 1       O  1       O  ;       O  •      O   ;      O 

CO 

• 
O 

VO 

* 
O 

o  '•     m 

r^  ;     r» 

*  1        • 

o  ;     O 

• 

o 

eo 
so 

• 

O 

• 

o 

o 

m 
Z 
Z 

CSi 
O 

CNJ 

• 

o 

cm;      cm|      cm;     cm;      cm;     c\j;     cm 

*i         *i        *i        «1        .i        .1       . 

O;        O;       O;      O;       O;      O;      O 

CM 

• 

o 

CM 

• 

o 

CM   ;       «M 
.   1           « 

o  ;    o 

CM 

• 

O 

CM 

• 

O 

i 

<< 

o 

UJ 

a: 

UJ 

«3 

S 

CO 
in 

. 
o 

o 

<ol       — !      cm!     r*!      o>!     go!     rn 

ui;      IT);     vT);     ir>;      ui;     in;     in 

*i         *i        *i        *i        *i       «1       • 

O;       O;      O;      O;       O;      O;      O 

m 

. 
o 

r». 
m 

<3 

»•    '       CM 

m  ;     m 
d  ;    d 

O 

O 

m 

. 

O 

0 

o 

o 
on 

IT) 

o 

r».;      V  ',     9t  ',     r»;     f^;     oo!    a» 

..        .1       .1       .1       .1       .1       . 

cm;      cm;     "^;     -^;      --;     o;     O 

o 

o   1       00 

•    ■             • 

o  ;    o 

• 

d 

- 

O 

•< 

o 
—J 
z 

t— 

o 
o. 

S 

o 

• 

—  ;     r»;     lo'     v;     m;    m;^ 

a<,        O.       0^,      OOi       VOi      Oicn 

.•        •■       .1       .1        .1       .1       . 

»• 
»• 

00 
m 

. 

«M  l     a\ 

V    '       CM 

.  ;        . 

• 

^4 

CM 

• 

S 

o 
u 

o 

« 
.«4 

o  o 

•  • 

o  o 

•  • 

om;       o;      mjoirîoinoeq       oc 

■^    CMl             fSI<            —«1    f-4    >4    >4   .-«     «4    Q             O 

■^^»;  1  ^  1  — ;"».w'«s;-«..-«;-^'^    i  ^ 
oOi       m.       Oiooomoo       eo 

«-<  rn!       n!       cm;  — <  pr<  --  rrt  -<  -J        c 

o 

ce 
o 

1    "«s 

3 

coi       oc 

t                m 

o;       o 

00;         O 

oj       — 

O 

• 

•■H 

o 

. 
CM 

OO 

•  • 

o  m 

•  • 

o 

»— 
■< 

o 
_j 

1 
UJ 

a. 

o 

ir> 

O 

• 

o 

^■!      -<i     voi     mi     CM-     mi» 
cm;     o;—<;m;cM;v;vo 

•l                       •§                     "l                    «1                      »!                    .t                   . 

O;      0;0;0;     O;o;o 

9^ 

O 

• 

o 

CM   ;     0> 
r-   ;     \o 

O  ;    o 

»• 

. 

O 

CSJ 

m 

• 
o 

o 

ir> 

to 

00  1                       00    1       00     1       00    1      00     •      GO 
•    ICO'          •'          •'          .'         .'         . 

01  -lololololo 

■^.       Oi->»'"^i-^i^'^ 

m;           ;m;in;in;in;Ln 

*i           t        «1       «1        «1       .1       . 

m 

m 

m   ;     m 

-H       '         .-4 

m 

00 
d 

in 

. 

UJ 

U> 

r- 

_;_1(m;<m!cm;<m:<m 

in 

CM 

U3 
CM 

r^    1     œ 
OJ    :    CM 

<71 
CM 

O 

PO 

m 

o 


« 
o 

o 

0. 


CO 


>- 

-0 


E 


LU 


O 

œ 

Q. 

2 
O 


O 

UJ 

z 
o 


m 


m 

< 


UJ 

o 

o 

-j 
u. 

■ 

« 

q: 

O 

O 

CM 

• 
*-4 

CM 
CM 

est       o;       r»;       r<       cm;       ir>;       o 

•      •;      •!       •;       •;       •;       • 
1        1        1        1        »        1 

m 

CM 

• 

CM 

CM 

VO 
CM 

CM 
CM 

• 

• 

10 

O 

o 

u. 

m 
O 

CO 
os 

• 

o 

-H 
O 

• 

CM 
O 

• 

**>  1        ^1         0%i         &\t        O^i        o> 

O;      o;       w;      a>;      o^;      9> 

*•                      *!                       ••                       «t                      •!                      • 

-»;       «^j       O;       O;       O;       O 

O 

o 

• 

O 

o 

• 

0^ 
Ol 

• 

O 

CO 
Ol 

d 

O 
O 

• 

o 
o: 

LkJ 

K— 
U. 

« 

e 
a: 

o 

. 
O 

CM 

. 
O 

«o 

O 

VO 
VO 

• 
O 

m  ■       r>»  •       ^-^       mt'       00'       O 
f^  !       f*- 1       r«.|       r^l       vo!       r». 

.1                     .  t                       •!                      ••                      *l                      • 

o;      o;      o;      o;      o;      o 

o 

O 

• 

o 

CM 

O 

p». 

VO 

d 

Ol 

. 
O 

V) 

o 

O 
X 

z 

• 
O 

O 

CM 

« 

O 

CSJ 

• 

o 

cm;      cm!      cm!      cm!      cm!      cm 
.1        •  1         .1         .1         .1         . 

O  ;     o  ;     o;     o;     o;     o 

CM 

. 
O 

« 

o 

CM 

d 

CM 

d 

CM 

• 

O 

i 
«_> 

UJ 

a: 

S 

CM 
VO 

• 

O 

CM  ;      —  ;       -h;       cm  ;      cm  ;      cm 

ir>  ;      LT)  ,       ir>,      vr>  1      vn ,      m 

.1         .1         . t         .1         .1         . 

O  ;     o  ;     o;     o;     o;     o 

. 
o 

un 

• 

O 

O 

un 

• 
O 

pr> 

. 
O 

• 

03 

O 

o 
o 

^N 

• 

o 

VO 

• 

o 

«.4 

00 

• 

• 

o 

•  !          •  !           •  !           •  !           •  !          . 

O  :    o  :    «h!    ^',    ^;    o 

1  = 

• 

.Se 

B  g 
il 

:z  ^  Q. 

IC     ^    3 

Q    O  CO 

— «   CM  f^ 

z 

O 
< 

O 

—J 

1 

h- 

O 
CL 

s 

u 

o 

• 

o 

• 

P-4 

o 

o 

• 

ir>  ;      o  ;      Ol  !      VO  1      o  !      o 

CO  1      VO  ;      p^  ;      cm  ;      cm  ;      o^ 

*  ,        *  ,         .  I         .  1         .  t        . 

O  ;        O  1        -«  ;        -H  ;        m  ;        O 

.o 

VO 

. 

Ol 

PO 

co 

• 

Ol 

œ 

O 
O 

U 

O 

. 

• 

^-4 

< 

« 

CSJ 

CD  fN 

• 

OH 
o  vr 

00     !vo     iœuiotnloiHoin 

.■.•.<.rf.4.ri 

O     :o     ;oH— -^-*-^— H 
œ     ;co     ;oqoo{OOOui 

o         |0         |«HC\f-MCM|-HCN^-N.- 

o  c 

• 

• 

c 

J 

CM 

VO 

1  •»» 

CM 

O 

tr. 

o 
—1 

o 

1 

UJ 

a: 

O 

a: 
_^ 
u 

S 

• 
o 

• 

o 

O 

o 

• 

o 

iS  î        !        ;    «»ï  i    «■  i    CM 

o  ,         .         .     o  .    o  .    o 

.  t         .         1      .1      .  i      . 

o  ;    o  ;     o  ;    o  l    o  :    o 

• 

o 

VO 

CM 

. 
O 

VO 

O 

• 

o 

o 

VO 

• 

O 

• 

o 

o 

U 

u^ 

• 

— «O 

o 

00 

o 

00  ;    00  ;    CD  ;    oo  ;    co  ;    oo 

.1     .  t      .1      .1      •  •      • 

o  ;    o  ;     o  ;     o  ;    o  ;    o 

00 

• 

o 

• 

in 

00 

d 
vn 

00 

d 
in 

UJ 

o 

— 

CM 

m 

V 

1/1  1    i£   I    r»-  !    00  i    œ   !    2 

— 

CM 

m 

V 

m 

<♦- 
O 

<\J 

o 
o 

o 

a. 


CO 


E 


C 
O 
O 


m 

UJ 

m 

< 


LU 

O 

w 

e 
a: 

CM 

t^  ! 

o 

CM 

« 

o 

CM 

• 

o  :      o  :     rn  ;      o  ;     o  ; 

CNi  ,          CM  ,         CNJ   ,          rO  ,         CNJ    1 

•  1         •  )         •  t          •  I         ■ 

o  • 

CM 

• 

• 

o  , 

• 

o  ;     CM 
•  •       • 

^r 

CO  1       en 
o  '      o 

• 

(0 

o 

o 

u. 

d 

8 

• 

CM 

O 

• 

o\  \      CO  1      r»*-  !      00  !      ^ 
•  *         •  '        •  '         •  '        • 

o  ;    o  ;    o  1    oi    o 

o 
o 

■ 

9\ 

• 

O 

CM 

• 

O 

m  ',      to 

•  !         • 
O;        O 

ai 
d 

ro  1       to 

*                          * 

O  ;       O 

O 

o 

-< 
ai 

LkJ 

U. 

1» 

o 
ai 

• 
o 

o 

• 
O 

• 

o 

CO 

• 

o 

o  1     -*  1     -^  !     CM  !     o 

•  1              •   ,              •    I               •  1              • 

O;       o ;       O ;       O;       O 

CNJ 

• 

o 

tn 

• 
O 

<o 

r» 

• 

O 

«n  !      V 

*  1         * 
O  ;       O 

co 
vo 

• 
o 

«•    i         CM 

*    1              * 

o  ;     O 

• 

V) 
O 

o 

X 

z 

CM 

• 
O 

CM 

d 

CM 

• 

o 

CM  ;     CM  ;     CM  ;     cm  !     cm 
o  ;     o  ;     o  ;      o  ;     o 

CM 

• 

O 

CM 

• 

O 

CM 

• 
O 

CM  ;        CM 
•  1              • 

o  ;     o 

CM 

d 

CM    1        CSi 

•    >              • 

o  ;     o 

•* 
i 

o 

UJ 

u 

• 

O 

o 

CM 

o 
un 

• 

CM 

• 

• 

V  ;      m  !      m  ;      CM  1     "^ 
•  •        •  1        •  1         •  1        • 

o 

• 

• 

• 

•  1          • 

• 

n  ;     .M 

•    '             * 

O 

^• 
-< 

o 
— J 
z 
o 

1 

o 
a. 

là 

a 
ai 

o 

0^ 

• 

CO 

• 

00 

• 

to  ;    «o-  ;    <T>  ;     o  ;    co 

•  '        •  ■        •  ■        •  '        • 

o 
vo 

• 

o 

O  ;    c- 

O 
CO 

o  ;    vo 

CO   ;      vo 

• 
« 

O 

O 

CM 

(J 

• 
• 

« 

■ 
— < 

* 
■ 

-< 

m'       ir>'       lO'        Q        es 

•1          -1          •.           1           < 

uvt       m<       ir>i        m        in 

-<;      -•;      ^;       ^^      -H 

tO 

• 

1  ^ 

•-4 

to 

• 

CO 

"H 

00 

• 

00 

• 

lo;        to 
•i          • 

00-        O 

-^           CM 

to 

* 

o 

• 
CM 

lo;      m 

•t         • 

^^      «-^ 

1  ^^  1  ~^ 

tn<      o 

-nI      cm 

o 
•< 

a: 

o 
— j 
z 
u 

UJ 

cr 

a. 

là 

o 
oc 

<M 

o 
o 
u. 

en 

d 

tn 
en 

• 
O 

00 

m 

• 

,    o 

•     o  ;     o  ;     o  1     o  ;     o 

rn 

• 

o 

CM 

• 
O 

!       CM 

:    o 

V  ;    CM 
o  ;    o 

m 

d 

to  ;     o 

.     m  ,     CM 

d  ;    d 

« 

O 

O 

CM 

tO 

tn 

m 

m  ;      m  ;     to  ;      to  ;     to 

*  1        *  t        *  •        *  I        * 

to 

;    "^ 

to 

to  ;     lo 

tn 

vo  1     m 

DATE 

^ 

r- 

:   00 

;    _  ;    CNJ  :   cvj  1    CM  :    (M 

1    V 
;   «M 

1    in 

■     CM 

;  CM 

;    fw   ;    ta 
;   <\j  1   CM 

01 
CM 

.   O  :   - 

CVJ 

o 


o 
o> 

o 

a. 


CO 
CTi 


o 


o 

o 


E 

UJ 


o 

cr 

0. 

z 
o 


o 

UJ 

u. 

z 

on 

o 


UJ 

-J 
m 
< 


UJ 

o 

ac 

S 

«3 

C 

q: 
u. 

0.86 
1.10 
1.13 

ID 

•-4 

♦ 

o 

CVJ 

o 

CVJ 

CO 

• 

o 
a 

u. 

1          !          !          !     vo  !     o^  1     ot 

•             !             !             1      O^   '      ^    J      0> 
1             1             1             •         •  1         •   1         ♦ 

:       :        :       :    °  ;    °  :    ° 

ID 

• 

O 

in 

• 
o 

• 

o 

vo 

d 

o 

• 
■-4 

Oi 

• 

o 

O 

< 

K 
UJ 

u. 

V3 

O 
K 

• 

o 

!           !           !           !     in  !     oi  !     o 
!           !           !          ;     vD  1     vo  1     r^ 
1           1           1           1       .  1       .  I        * 

:        !       ;       :    c  ;   o  :    o 

vo 

• 
O 

tn 

vo 

d 

*>4 

• 

o 

ON 

vo 

. 
o 

VO 

vo 

• 

o 

o 

. 
O 

• 

O 

o 

m 

X 

z 

!           1           !           I           1     <M  !     CNj 

i        i        ;        ;        ;    d  ;    d 

CVJ 

• 

O 

CVJ 

d 

CVJ 

1 

(.J 

u. 

u5 

o 

a: 

#«* 

<_> 

e 
e 

I            !            !            ;     CM   ;     r»   ;      CVJ 
:          !          ;          !     kr>  I    m  ;     LD 
1           ■           1           I.I.I. 
;         ;         ;         ;    o  ;    o  ;    o 

en 

IT) 

. 
o 

o 

IT) 

. 

o 

CVJ 

d 

o 
tn 

d 

tn 

d 

CO 

tn 

. 
o 

• 

w 
o 
o 

o 

1          1          !  9t    !    -4  !    vo  !     o 
I          1          I     .    I       .1      .1       . 

;  o   ;   -<  ;   -N  ;    -N 

• 

. 
o 

o 

• 
*>4 

CVJ 

• 

CO 

• 

to 

• 

o 

O 
O 

z 

1 

o 

s 

est 

a 
a 

1             1             1             1      r-»    !     CM    1      n 

1     V   1     a>    ;      V 

'           !           !           !•'•'• 

1                                          1         ..^      1         ..N      1         ^4 

• 

• 

00 

• 

CVJ 
CVJ 

• 

o> 

• 

o 

o 

u 

1     1 

1     1 

:        :        ;       :     «^        : 
i      i      :      !    J    3    3 

1    i;     1    i;   1    1  ;    1     i;     i  — ;    i  -s    i  ^ 
i          !          !          !       tn       iri       m 
•          *••««. 

:       :       :       :     -<     h     - 

o 

* 

• 

-< 

- 

CSJ 

O  C 

• 

-<- 

o  c 

o 
o 

O 

o 

zr 

1 

LU 

q: 

0. 

tn 

o 

»«■ 

(-) 

e 
o 

L. 

'           '           !           !     ''■   !     ^   1     f^ 
!           I           1           !     fsj  1     r«-   1     «»• 
1           1           I           I.I.I. 

:       :        :       :    o  ;   o  ;    o 

o 
d 

OS 

o 

tr> 

. 

o 

o 
in 

. 
o 

o 

CVJ 

. 

o 

CSJ 
d 

• 
O 

o 

m;     m;v/);vr)     ;     mlvn;     in 
.1        ■(       .1.1        .1       .1        . 

IT) 

tr> 

œ 

• 

o 

m 

* 

00 

d 
tn 

00 

d 

UJ 

O 

— 

(Ni 

f)   '•     ^-i     u^ivci     ^~lœlo^ 

O 

— 

CVJ 

n 

V 

m 

in  c/i 

OI  OJ 

3  3 

>  > 


-^  E  E 


X 

X 

«o 

lO 

E 

E 

>>>< 

^^ 

^v 

•^ 

k^ 

<o 

(0 

■0"0 

. 

, 

V 

01 

o>o» 

C/l 

lO 

10 

01 

M 

in 

3 

o 

o 

^ 

■o-o 

<0 

> 

OJ 

c 

c 

o 

. 

9^ 

a^ 

c 

l.<-> 

-^ 

o 

lO 

E 

c 

^. 

f 

•r* 

. 

u 

I. 

K 

o 

IC 

>> 

^ 

E 

;. 

.c 

IC 

u 

>> 

c 

L. 

^ 

•^ 

01 

•^ 

■o 

CL 

<D 

I. 

3 

O 

Ooo 

CM 

o 

Csj 

O 

o 
a. 


VO 

eo 
at 


ac 

UJ 

CD 

O 

o 

o 


E 


C 
O 

o 


m 


CD 

< 


UJ 

o 
u. 

• 

O 

o 

CM 

v4 

CSJ 
CSJ 

• 

CSJ 
CSI 

o 

CSJ 

• 

o 

CSJ 

• 

o  '     o 
CSI  ;     CSJ 

•  1               * 

mm4    •            •>« 

m  '■     m  !     eo  '     po 
CSJ  ;      CSI  1      CSI  1     m 

o  ;     CSI  I      o 

n  ,      CSJ  .      CSI 

•  1         •  (         • 

• 

CO 

• 
»-4 

• 

o 

Q 
u. 

• 

o 

a» 

• 

o 

CO 

d 

• 

O 

• 

o 

o  ;     00 

—  ;    o 

o\  '.     CSI  ;     — «  ;     CSI 

9i  •      O  •      O  •     O 

•  •        •  1        «  1        • 

o  ;    -<  ;    —  ;    — 

o  ;     ir>  ;     lo 
o  .     o%  .     OS 

•    •              •    •               • 

—  :    o  ;    o 

VO 
OS 

• 

o 

• 

o 

O 

or 

UJ 

u. 

•< 

J* 

• 

o 

O 

CSJ 

• 

O 

CSJ 

• 

o 

• 
o 

• 
O 

VO  !     ^ 

d;     d 

•  '      •  •      •  •      • 

O   ;        O    j        O    ;       O 

CSJ  1      CSI  1       m 

*  !        *  I         * 
O  .       O  ;       O 

lO 

p». 

• 

o 

o 

p». 

• 

o 

• 

O 

O 
m 

Z 

CNJ 

• 

o 

CSJ 

• 

o 

CSJ 

• 

o 

CSJ 

• 
o 

CSJ 

« 

O 

CSJ  ;      CSJ 

*    1                  * 

O  ;       O 

CSI  ;      CSJ  ;     CSJ  ;     csj 

O  ;      O  ;      O  ;      O 

pj  ;     CSJ  ;     CSJ 
O  ;      O  ;      O 

CSJ 

d 

CSI 

• 

o 

i 

B 
(_> 

UJ 

OS 

UJ 

o 

CSI 

o 

• 

O 

o 

VO 

d 

9> 

vr> 

d 

VO 

• 

o 

VO  1       VO 

d  ;     d 

00  !      O  1      O   1      (sj 
VO  ;      VO  ;      VO  ;      vO 

O  ;       O   ;      O   ;      O 

O  1      CO  ;      9\ 

VO  ;     VO  ;      lo 

•  ,        •  ,        • 

O   ;      O  ;       O 

VO 

d 

VO 

d 

«5 
O 
O 
^4 
O 
00 

O 

• 
O 

VO 

• 

o 

• 

o 

• 

VO  ;     m 
*  I       * 

<^  !    «^  ;    o  1    CSJ 

•    t             «1             •     1             • 

-N  ;     o  ;     -«  ;     -N 

o  ;     o  ;     o 

• 

o 

p». 

« 

o 

Z 

o 

o 
—1 

o 

1 

>— 
oo 

o 
a. 

IS 

o 

a: 

Ai 

(-> 

« 
e 
w 
1^ 

• 
^  *  » 

CSJ 

• 

CSI 

• 

• 

VO 

• 

00  ;     o 
•  <         ■ 

VO  .      O   .      lO    ,      r- 
•  1         «1         •   •         • 

ui  ;     >o  ;     en 

•  '       •  ■       • 
-^  :    -4  :    o 

VO 
f»5 

• 
If) 

O 

o 
u 

o 

B' 

o 
o 

• 

o 

• 
^       1 

o 

• 

O 

o 

•*4 

O  U-> 

•  • 
•^  fsj 

•  •< 

O  bO'    O  v/1 

•  .;     .    . 

o  œî  ool 

•  ••     •    « 
•M  csj;  «tcv 

oio;  o     ;  o  o;       o 

*  *i    *     1     *    ^         * 

^»^;  ^«.  1  ;•>•.>«;   i  -^ 

OOi  O       ■   O  O         iTk 

•  •••••«         « 

-<csi;  —4      1  -<  es<        — * 

o;  OQ  o 

1    -^    ^»^  ^    1 

o.  oo  o 

O  vO 

-4C\. 

o 

• 

kO 

• 

o 

•< 

K 
O 
-J 

o 

1 
UJ 

a: 
a. 

ui 

e 

ac 

*»< 

VJ 

« 
o 

in 

• 
o 

CNJ 

• 

o 

a» 

CSJ 

• 

o 

CSJ 

d 

to 

o 

d 

n  1      CSJ 

-^  ;     CSI 

•  ,        • 

O  ;      O 

—>  '•     •-<  !     ml     lo 

CSI  ;      -N   ;     o   ;     ^^ 

*  •        *   I        *   I        * 

O   ;      O   ;      O    ;      O 

r^    1      p>»   I      to 

lo  ;     CSJ  ;     — 
O  ;     O  ;      O 

• 

o 

• 

o 

9) 

o 

o 

CO 

• 

o 

00 

• 

o 

00 

• 

o 

CO 

d 

CO 

d 

CO  ;      00 

•                         • 

O    ;        O 

00  ;     00  ;     CSJ   ;     vo 

•           •           •           • 

O   ;      O    ;      —    ;      — 

;    00  ; 

uO    ;          .    ;       00 

•  ;    o  ; 

—    .     '^  ■      o 
1      to    '. 

00 

d 

00 

• 

o 

lO 

UJ 

o 

vo 

f- 

CD 

en 

o 

t\j 

—    !     CSI 

CSI  ;    CSI 

m   '■    rr    '.    tn    '•    vu 
CSJ  ;    eg   ;    CM   ;    {SJ 

cvj    !     CSI    :     (sj 

O 

PO 

eg 
O 


o 

Q. 


IT) 

CO 


>- 


E 

UJ 


o 

q: 

Q. 


UJ 


00 

a 


< 


«3 
0) 

cr 

CM 

o 

r«». 

ID 

CO 

in 

ro 

CNJ 

f-H 

VO 

VO 

^^ 

ID 

VO 

^■ 

*^ 

^ 

^ 

»>H 

^ 

^ 

f\j 

CM 

CM 

CM 

CM 

CM 

^i^ 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

UJ 

u. 

~< 

^^ 

•-^ 

^^ 

*^ 

^N 

•-4 

•-4 

"N 

«^ 

•M 

.M 

„^ 

^ 

o 

er. 

"  ~ 

■>  ^   ^ 

■   ^  ^ 

B     ^      ^ 

w  ^  ^ 

—  »  — « 

^    ^    a 

^   ^   ■ 

^  ^  " 

.  —  —  . 

"  ^  ^ 

"   ^   ^ 

K      ^     ^ 

"  •  ^ 

^  ^  ^ 

^  ^  ™ 

o 

= 

<ô 

-J 

o 

o 

CO 

00 

o\ 

0^ 

ID 

a> 

00 

»>4 

.^ 

CM 

Oi 

m 

o 

^ 

ffl 

00 

CO 

a> 

a\ 

0^ 

CO 

o\ 

o 

o 

o 

Oi 

a» 

o» 

Ov 

9> 

• 

• 

m 

• 

• 

• 

• 

• 

• 

• 

• 

Li. 

o 

o 

o 

o 

O 

o 

o 

"^ 

"* 

"* 

o 

o 

o 

d 

d 

2 

O 

a: 

^^ 

•Si 

^m. 

«^ 

m 

««r 

ir> 

«»J 

^M 

o 

v^ 

CO 

o 

CM 

m 

^. 

9> 

^H 

o 

< 

00 

r»«* 

r»» 

r». 

r*-* 

r». 

r^ 

VO 

r». 

r» 

(^ 

r«« 

r». 

r>. 

p<* 

a 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

^ 

o 

o 

o 

O 

o 

o 

O 

o 

o 

O 

O 

o 

O 

O 

d 

d 

o 

3 

• 

< 

«5 
O 

a: 

O 

UJ 

X 

• 

(M 

• 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

U. 

z 

o 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

• 

o 

• 

o 

<À 

^c 

a> 

o 

a: 

^^ 

««• 

■— 1 

o 

o 

CM 

CM 

n 

o 

o 

CM 

in 

CM 

CM 

n 

CM 

n 

^^ 

<^ 

VC 

VD 

VC 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

i 

S 

d 

• 

O 

• 

o 

• 

o 

d 

• 

o 

• 

o 

d 

d 

• 

o 

d 

• 

o 

• 

o 

• 

o 

d 

K 

^ 

O 

hte 

_J 

>  K 

K  ^  ^   • 

.  ^  » 

w  »  » 

B  *  ^ 

»  *  ^ 

^  _  « 

^    ^    m 

w    »    a 

>  *  _   . 

»  •  ^ 

»  ^  ^ 

B     »      ^ 

1»  —  ^ 

»   »    _ 

»     »     a 

2C 

^ 

(_> 

«3 

O 

UJ 

o 

q: 

<M 

iO 

r>» 

V 

VO 

r*^ 

^ 

VO 

V 

lO 

V 

V 

to 

CD 

^ 

PO 

^^ 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

k^ 

I/) 

*H 

^H 

"^ 

"^ 

«>H 

-^ 

^^ 

^^ 

•-< 

m 

«-« 

-^ 

•B4 

d 

- 

2 

IÔ 

O 

az. 

^ 

Û 

VC 

fD 

>H 

PO 

CO 

n 

o 

CM 

V 

r»* 

m 

rn 

CM 

^^ 

« 

^ 

a\ 

00 

o 

o 

CO 

o 

GO 

W 

o^ 

Oi 

Ov 

r^ 

ro 

CO 

z 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

e 

f\J 

*^ 

— N 

CM 

CM 

^^ 

CM 

•^ 

^^ 

^^ 

^^ 

^H 

CM 

^^ 

o 

œ 

o 

"  7 

~   "J^ 

•«^ 

2C 

M 

ro 

CM 

1 

o 

o 

"i 

o 

IT) 

ir> 

1/) 

iA 

CO 

in 

Ift 

m 

m 

c 

o 

GO  O 

r^ 

o 

Q. 

•i 

• 

• 

• 

« 

« 

• 

• 

• 

4 

• 

•        4 

• 

(^4 

1       ^ 

1  — 

1  «M 

1   -^ 

1   "H 

"  -<i 

1      ^H 

t  ^H 

1      ^H 

1   ^H 

1  -* 

1    rg 

1    CM 

O  csi 

O 

^" 

"*«»»» 

"*>^ 

^^ 

^^ 

^^ 

^a 

■*— 

^^ 

^^ 

"N,*! 

■««. 

■^j 

•  • 

O 

o 

• 

• 

o 

• 

• 

• 

• 

O" 

o 

• 

• 

m 

• 

o 

• 

• 

CO 

• 

CSJ 

<M 

fVJ 

CM 

CM 

m^ 

CM 

CM 

CM 

c\» 

, 

m 

Z 
O 

5 

3 

^»»» 

> 

►— 

^J 

00 

CO 

VN 

n 

0\ 

CO 

CM 

e> 

9\ 

ro 

CO 

n 

o 

CM 

p«». 

^ 

h/) 

e\j 

m 

«• 

^H 

CD 

PD 

ro 

V 

*-4 

rn 

CM 

CM 

CM 

CM 

2 

o 
o 

^ 

• 

o 

• 
o 

• 

o 

• 
o 

• 

o 

• 

o 

• 

o 

• 
O 

• 
O 

• 

o 

• 
O 

• 
o 

• 

o 

• 

o 

• 

o 

c 

(£ 

kte 

"i 

O 

• 

V      ^      ^ 

~  •  " 

«—  »  ^ 

^  ^  ^ 

"■  •  " 

^    ^    m 

^  ^  « 

'    ^    ^    ' 

IZ' 

^  ^  ^ 

"    *    ^ 

>*   w   ^ 

™*  ^  ^ 

^  ^  " 

^  ^   ■ 

z 

(A 

«^ 

X 

o 

o 

-*-00 

CO 

00 

UJ 

o 

ir> 

\r> 

in 

m 

m 

If) 

m 

Vft 

• 

o 

d 

• 

o 

cc 

00 

CO 

CO 

^ 

«>• 

• 

• 

• 

• 

• 

• 

• 

• 

^^^ 

■^ 

«•^^ 

• 

• 

• 

>« 

u 

'^ 

»^ 

^^ 

^^ 

•^ 

^^ 

"^ 

-^ 

IT) 

m 

m 

• 

o  . 

o 

o 

d 

•^ 

^H 

-^ 

ID 

o 

UJ 

o 

^^ 

CM     ' 

m 

V 

lO 

< 

^ 

(M 

PO 

V 

in 

l£ 

r- 

eo 

en 

^ 

^^ 

o 

d 

vn  V) 

S  3 

>  > 


c  c 
I'i 


X  X 

re  le 

£  E 


m  m 

■o-o 

*  • 

Q}    0) 

oia> 

lO  <c 

«rt  «« 

o  o 

•o-o 

a>  c 

c  o 

•«^•^ 

U*J 

o  le 

c  s_ 
—  (1) 

;.  3 
Ov>o 


o 

o 
o 

o 

a. 


CO 


< 


<: 

-3 


E 


c 
o 
o 


UJ 

—I 

< 


UJ 

o 

e 

a: 

IT)   !     o 
— <  ;     c\j 

'     1              * 

1.19 
1.24 
1.19 
1.17 
.19 
1        1.28 
1.19 

CM    1       CSJ    !        CM 
.1             .1              . 

CM 

ir>  ;      m 

.  1        . 

(0 

o 

o 

kk, 

9\  :    o% 

o  ;    o 

; 

• 

o 

oi     cm;     cm;     «»•;     r^;     eo;     n 

*«          .1         .1          ••          .•          *i          . 

o;    o;    o;    o;    o;    o:    o 

00  ;    r».  ;     ^ 

•     •              .     '                a 

o  :    o  ;     o 

d 

^  ;    ^» 

ON    1         ON 

d  I     d 

o 
ee. 

UJ 

u. 

>< 

o 

1 

»  ;    o 

•                  • 

o  ;    o 

a» 

• 
o 

«o!     if*  ',     o!     eo!     ml     m  \     «m 

r*i      r^i      r..!       >Oi       r^i      r^i      oo 

•'         •!        •!         •!         •!         •!         • 

O.      0>      0<      Oi      o>      oi      O 

«»  !     o  1     r* 

f^   i       CO    '        f^ 

•  !        "1        • 
o  •    o  •     o 

O 

00    !       CM 

.  ;       . 
o  1    o 

« 

O 

o 

<n 
X 
Z 

! 

! 
csj   ■     esj 
•   I        • 

O     ;       O 

CM 

• 

o 

cm;      cm;     cm;      cm;      cm;      cm;      cm 

.,        .,        .,         .,        «I        .,        . 

O;      O;      O;       O;       O;      O;      O 

CM  ;     CM  ;     CM 

*  1       *  1        * 
O  ;     o  ;     O 

CM 

• 

o 

CM    ;       CM 
.    1             . 

O  ;     O 

i 

UJ 

a: 

UJ 

s 

I 

«  ;    at 

d  Î     d 

o 

• 

o 

9i  ',     v!     po!      o!      cm!     -nI     ^ 

iC  ,     \o  <     \o  <      voi      VO*     vo;     VO 

*!        *!       *!        *!        *!        *i        * 

O;       O;      O;       O;       O;       O;       O 

vo  i     CM  I      n 

vo  ;     vo  ;     vo 

*  •       *  (        * 

O   ;      O   ;      O 

vo 

• 

O 

CM  :     o 
vo  ;     vo 

.          . 
O   ;      O 

«5 

0 

o 
o 

*  ;    "■ 

CO 

«•;     rn  ',     vo;     m;     m  ;     m  \     n 

CM   !      V    I       ^ 

«• 

^  ;    CM 

-<    ;      CM 

"^ 

o;     -•;     o;     o;     o;     O;     o 

o  ;     o  ;     o 

o 

o  ; .  -« 

O 

•< 

z 

o 
_J 

o 

^• 
l/> 

o 
a. 

10 

ac 

VJ 

S 

IT)     '•       M 

^  ;    w 

vo;     cm;     id;     «•;      -*;     cm;     co 

&\   1        ^^    t       O^            ^3   1        ^^   1        9^    ■       CO 
.<              .'             .•              .'              .i              .t             . 

o:    -*:    o:    ^  \    o:    o:    o 

CO  ;     r^  1     — « 

n..  .      CO   .      a^ 

.  '       .  ■       . 

o  :    o  ;    o 

a» 

• 

o 

en  ;     ^ 

d  ;    d 

• 

o 

o 

œ  ^  CO  m 

•         •           •         ■ 

o  —  o  -« 
■^  ^^  >.  '^ 
CO  tn  fiO  Lf) 

O  —    »  <M 

O  bT) 

.      * 

.       . 
«  CM 

CD  O'CO  O  {  00         1  CO        I    00       !   CO       \    f^ 

**■**«*           1*         t*l*l         * 

OCNi'OCNi.O       'O       'O      «O      «O 

^  ^^ —  ^;^  i  [^^  «i^*  i|^^  i;'^  1 

O  0*0  O  1  00         I  CO        1    CO       i   00       1    00 

•        •*••••           ■•         )«■•■         • 

^  cm;-«  cm  ;  o     I  o     !  o    !  o     1  o 

vo    ;  vo     ;m 

*  «        *          1       * 

O     •  O       'O 

•«s.  1    -*,  1  ;~>.  1 
r^    .  CO     ico 

•  •        •          •       • 

o  :  o    lo 

o 
^»   1 

o 

• 

m  vn;       vn 

O  •—,         O 
^^    1    -^ 
to  u>         O 
.      .«            « 
O  -Hi        en 

z 
o 

•< 
z 

cs. 
o 

u 

1 

UJ 

a: 

a. 

là 

S. 

« 
o 

<M    '      rn 

.    '         . 

O     ;       O 

CM 
CM 

« 

o 

m!     r*.!     m  ',     cm!     m!     vo!     >h 

cm;     CNj;     m;      en;     cm;     cm;     n 

*i        *i        *i        **        *•        *■        . 

O;      O;      O;      O;      O;      O;      O 

m    !      *    I       9\ 

*    1           •    1           * 

O  ;     O  ;      O 

d 

vo  '•     in 
en  ;     en 

O  ;     O 

. 

in 

o 

a 

00  :    CO 

•                • 

o  :    o 

.    ,         . 

»-4       •          .>4 

CO 

d 

CO           CO           (70            ^T^            CD           OÛ            CD 

d  1     d  J     d  1     d  1     d  i     d  ';     d 

CO  ;     CO  ;     co 

d  [    d  ;     d 

CO 

• 

o 

CO 
00    ; 

d;  5 

DATE 

iû  ;    r- 

s 

_:(M:<MifM;rsj;<M;cM 

(M    !     CVi    !      CM 

CI 
CM 

o  :   — 

m   :    m 

CVJ 

o 


e 

o 

0. 


CD 
0^ 


0£ 


E 


O 

cr 

Q. 


UJ 


a 


m 

LU 

—J 

m 

< 


UJ 

o 

a: 
o 
=) 
.^ 

• 

-H     1       00    ■       00 

CM    ;     -<  ;     — « 
.    1       .  1        . 

o 

CVI 

CM  ;     >N  ;     •»  ;     «^  ;    >« 
•  1       .  *        *  1        .1       * 

CM 

CM 
CM 

. 

^.4 

CB 

o> 

• 

On 

. 

CM 

. 

o 

o 

Li. 

r»»    ;      00  ;      r». 
.1          .1          . 

o   :    o  ;    o 

o 

• 

«■  ;    vD  ;    <M  ;    •-  !    id 
o .    a>  .     o  .     o  •    oi 

•  •            •    '             •  '             •   '           • 

00 
On 

• 
O 

o 

O 

o 

O 

00 

ON 

• 

o 

o 
< 

LkJ 

H- 

CO 

e 

K 

. 
e 

00   ;    00  ;    ON 
o  :    o  :    o 

• 

o 

-^  !     «■  !      o  !      ID  1     »»> 

*  1        *  1        *  !        *  !       * 
O  >      O   ■       O  ;       O  ;      O 

O 

d 

. 
O 

CO 

d 

ON 

. 
O 

CM 

O 

O 
O 

X 

z 

CM      ;       IM    1       CSJ 

.      1           .    !           . 

O     ;      O    ;      O 

IM 

d 

CM  ;    CM  ;     CM  ;     cm  ;    csj 

d  ;     d  ;     d  ;     d  ;     d 

CM 

o 

CM 

• 

o 

CM 

. 

o 

CM 

• 

o 

CM 

• 

o 

CM 

. 
O 

i 

UJ 
UJ 

U3 

« 

e 
c 
u 

^   _ 

O      1       O    ;       O 

o 
d 

ro  1      PO  1      CM  i      —  i     o 
vo  ;     vo  ;      vo  ;     vc  ;     vc 

O  ;      O  ;      O  ;      O  ;     O 

CM 

. 

o 

• 
o 

to 

• 

o 

o 

vo 

• 

o 

vo 

d 

ID 

d 

o 
o 

<M 

o 

00 

o    1    f^  ;     vD 

•        ,              .     ,              a 
CM        1         -N      1         -H 

ID  1     n  1      V  )      ml     V 
.  •        .1        .  t        .1       . 

ID 

Oi 

• 

o 

3    S 

Z 

o 

K 
O 
_l 
Z 

o 

1 

o 
a. 

b: 
o 

O     '      r^    '      IT) 

CO   ;    CO  ;    o 

o 

• 

a>  1     CM  ;     CM  ;     o  1    — 

CO  •       P<<k    1       00  •       On   •      O 
•  t          .    •           .  '          .   •         . 

-^1         —4     I          >N     ;          m^     ',        CM 

00 
ID 

ID 

00 

o 

• 

CM 

o 

ON 

• 

CM 

. 

>    > 
C    C 

a          a 

K    X 

>>  >> 

■o  -o 

ON   ON 

. 

O 

o 
o 

r^    i         ; 

^  I      c»      o 
•            •!          • 

1     .-4  <     1     CNii    1     (M 

i«  !       in;       o 
tvj  :       fsj;       ri 

ID 
1    tNJ 

o 

;       :        i        ;       Ïm 

id;       iD|      o;      o;       idTo  c 
1   '^  1    1    -^^  1   «m;     I  cm;     I  ry  -4  rs 

id!           m          O!          ID<           LTk    O  ID 

«•              tf             .*              .'              ^       •       . 

CMl        cvt       cm!       cmI        csi  — »  ev 

o  o 

— <  CM 
O  ID 

a          . 

•^  CM 

O  ID 

o  o 

a        a 

vn, 

■ 

ID 
CN* 

O  C 

53 

o 

.■4 

o 

• 

o 

< 

cr 
o 
_j 
z 
u 

1 
UJ 

cc 

in 

a 

u 

S 

u 

<\J      1      IT)    1      vo 

.     I       .   I       . 

O      ;      O    1      O 

O 

CM  ;    CO  ;     .-H  ;     -^  ;    — « 
O  ;    o  ;     o  1     o  ;    o 

CM 

d 

• 

o 

CM 
CM 

. 

o 

r». 

CM 

. 

O 

•-4 
VO 

• 

o 

o 

• 

o 

tn  m   ta 
0)  >n  vN 
3  O   O 

—  •o  -o 

>   01    C 
C    O 

cT  ^ 

E  ^    c 

. 

«3 
O 

O 

u 

~flo   ;        ; 

•      .       CO     ■       CO 

o    ;      •  ; 
^    .    o  .    o 

lO      ;             ; 

00 

d 
to 

;    CO  ;         ; 
».  I         1         1 
ID  ;     o  ;     00  ;     00  ;    00 
•  1    ""N.  !       •  I       .  ; 

—1'     to    •      O   '      o    •     o 
!       *  !           1           ! 

1         *4     1                     1 

00 

• 

o 

00 

• 

o 

CO 

• 

o 

ID 

ID 

CO 

• 

o 

ID 

CO 

d 

X           o 

ID     (J 

>^  C    i- 
.— ^    O) 
— -O    Q. 

IB    ;.    3 
Q  O  l/î 

— <  CM  fO 

UJ 

—   1    fM   :    m 

V 

uo   1    vS    !     r»  !    00   !    o^ 

o 

— 

CNJ 

m 

V 

in 

o 

(M 

9 
9 
O 

a. 


eo 
o» 


E 


c 
o 
u 


Ui 

_i 
m 

< 


LU 

O 

a: 
o 

Lk. 

• 

s 
o: 

u. 

O 

*  •       *    !        *  I        . 

loi» 
;     Csj    •     — 

;   «•  j   VO  1  0 

*    '          *    1         * 

fSJ 

CSJ 

o> 

CM 

ON 

CM 

• 

(0 

o 

o 

u. 

d 

— <  '    (SI    '     m  1     f>«. 

o^  1    o>    !     ^  !     9^ 

.1       .   t       .1       . 

O  ;    o  ;    o  ;     o 

p».     î        VO 

o\  ;    ON 

•     1            • 

0   ;     0 

•     lo   ;     00    ;     CSJ 
»  ;    a»  ;    0 

•     1            •     1            • 

,    0  ;    0  ;    — 

00 

« 

0 

00 
Pi- 

• 

0 

P». 

VO 
ON 

d 

0 

• 

o 

z 

>< 
or 

LkJ 

•< 

K 
Ai 

U 

O 

00 

• 

o 

r^  1    VO    1     VO  1     VO 
o  ;   o  ;    o  ;    o 

0  ;    CO 

r»    1     VO 

•      •             • 

0  ;    0 

0  1    ON  ;    0 

^.   1     VO    1     r^ 

•     •            .     •            . 

0  :    0  ;   0 

• 
0 

m-* 
» 

0 

ON 

<o 
d 

VO 

<o 

• 

0 

0 

. 
0 

• 

Ui 
O 

o 

Z 

CSJ 

• 

o 

CM    i      fSI     I       CSJ    1        CSJ 

.  1     .  '      .  '      . 
o  .    o  .    o  1     o 

cvj    !      CSJ 
0    1     0 

CSJ  !     CSJ   1     csi 

.     '              a      '             . 

0  ;  0  ;  0 

fsi 

• 

0 

CSJ 

d 

CM 

0 

CM 

. 

0 

CM 

. 
0 

i 

o 

bkJ 

1^ 

ui 

o 

o: 

u 

u 

VO 

• 

O 

00  ;    -<  ;    csi  ;     — 

in  i    vn    >     tr>  •     m 

.  '       .   '       .  '        . 

O  :  O  :    o  ;    o 

0  ;    0 

.  *       .  '       . 

0  :   0  ;  0 

. 
0 

en 
d 

vn 

d 

PO 

Lf) 

. 

0 

0 

ir> 

0 

« 
CO 

0 

O 

(M 

O 
on 

d 

00  ;     CO    ;     VO  ;      vo 

VO   ;     ^   ;     r». 

m 

VO 

« 

m 

CM 

. 

O 

t— 
•< 

o 
—1 

1 

^^ 
en 

o 
a. 

ta 

VO 

. 
o 

csi  ;     VO    '•     a\  '■      o 

^  ;    o»  ;    00  ;    vo 

.1      .1       .  1       . 

0    '       «    '       CSJ 

0   ;     tn   ;     VO 
.1        .1        . 

CSJ 

• 

00 

« 

CM 

0^ 

m 
»-4 

r». 

« 

0 

o 

o 
o 

o  ml       «a;       mi       o 

•          •*                       M                       •(                        « 

0  O-       O;       O'        ir> 
.    .;          .,          .; 

— <  CSIi           CSIt           CSIi            — 

oi  00 

•  1         «       « 

-.;  -Ncs< 

O-    OUI 

•:    •   i 

CSIi    »^CSi 

tni       0;       0 

CSJi          ^^<          CSJ 

'S 

CSJ 

• 

0 
• 

CM 

OUI 

Ovn 

•      é 
—  CM 

un 

• 

CNJ 

0 

.1 

CM 

1  ^ 

0 

• 

CM 

o 

•< 

o 
— J 
z 
(-> 

1  • 
UJ 

a: 

a. 

(à 

o 
oc 

o 
« 

en 

• 

O 

0  ;    0  ;    o»  ;    w 

n  •     i/i    •     CSJ  1     f*> 
.  '       .    '        .  '        . 

0  :   0  .    0  .    0 

CSJ    •      0 

•                   • 

0  i    0 

csi  •     ^  I     <r 

«  *        .  '       . 
0  1     0  î     0 

d 

o> 
d 

CM 

. 
0 

• 

0 

* 
0 

05 

o 

a 

CM 

00 

d 

00  ;        ;        ; 

•  •     vn    1     vn  <      \D 

0  ;       •   ;       •  ; 

vn  •           '■           '• 

•  •           '           * 

00  : 

.    .       00 

0   ; 

""^  ;    0 

Vfl    ■ 

wm4        ■ 

00  ;         ;    00 

.    i       Vf)    . 

0  ;      •  ;    0 
ui  '           ■     vr> 

^H      1                        1          ..H 

00 

d 
tri 

00 
d 
vn 

00 

d 

Vf) 

00 

• 

0 

• 

00 

d 

UJ 

h— 
o 

VO 

r«-  ;    OD  ;     <n  ';    p 

—    '•      CM 

(M  :   csi 

cvi  ;    CVJ   ;    CV4 

vi3 
CM 

(M 

0 

<M 

CI 
CM    , 

0 

m 

fSJ 

O 


o 

o 

0. 


in 

cc 


>- 

-5 


E 

UJ 


O 

q: 

z 
o 


(/I 

a 


m 

LJ 

—J 
m 
< 


UJ 

o 

cc 
o 
=) 
—J 
u. 

«5 

œ 
cr 

u. 

• 

O;     (\j;     ld;     oo;      m;     ir);     r>- 
t\j,      c\j;     -H,     »-i,      »H,      >M,      csi 

•      1                       •!                      •!                     •!                       ••                      ••                      • 

CM 

• 

• 

CM 

• 

• 

n 

• 

0~i 
C\J 

• 

o 

o 

O 

CO 

d 

(m;     o»-;    -^;    m;     o»;     ml    o 

Ot     a>>    o<    o>     oti     o>i     o 

•'       •'       •'      ••       ••       #•       • 

-<;    o;    -<i   -^i    o!    o!    — 

o 

• 

o 

• 

ir> 

o 

• 

CM 

O 

• 

O 

• 

o 
o 

• 

o 
< 
o 

K 
LU 

h- 
U. 
< 

M 

O 

o 
>- 

O 

LT) 

d 

^n|      r^l      go!     ^   \      ^4i      r*^*      CD 
r^;      r»;      r>»;      r^;      i>.;      \c  \      vo 

*t                   *l                  *l                  **                   *l                   *l                   * 

O;       O;      O;      O;       O;       O;      O 

■ 

o 

CO 

• 

o 

lO 

• 
O 

• 
O 

• 
O 

LT) 

• 

o 

• 
(0 

o 

o 

X 

z 

d 

• 

cm;    cm;    f\i;    cm;     cm;     cm;    cm 

*l                   «1                  •!                  •!                    •■                   ••                   • 

o;     o;     o;     o;     o;     o;     o 

CM 

d 

CM 

• 

o 

CM 

d 

CM 

• 

o 

CM 

• 

o 

CM 

• 

o 

i 
t.ij 

U. 

a. 

e 
1- 

d 

IT) 
ID 

• 

o 

m"      «-Hi      e\j>     r^»      ^m»      ^m<      cn; 

in;     id;     itj;     ir>;     m;     id;     m 

*i        *i        *i        *i        *t        *<        • 

O;      O;      O;     O;      O;      O;      O 

IT) 

d 

lf> 

d 

CM 

• 
o 

LO 

• 

o 

in 

• 
o 

CM 

tn 
d 

• 

o 

Q 

o 
1/1 

• 

co;      r»;      9>!     vo!      r«>;      vo!      V 

•     t                ••                •!                •!                 «1                 ••                • 

• 

• 

CM 

• 

CM 

• 

IT) 

vo 

3 

O 
< 

O 
— i 

z 
<-> 

^> 

o 

lO 

S: 
«.J 

u 

00 

o 

• 
tM 

ve;    o;    »-<;    cm;     cm;     r».;    cm 

-<i      -<.      «9-1     n.      —«I      iDi      r^ 
cm;     cm;     cm!     cm!     fvi!     -h;     >4 

• 

o 

00 

CO 

• 
CM 

• 
CM 

> 
• 

c 
E 

X 

s 

(0 

o 

a 

u 

• 

1     CM 

LD 

• 
CSJ 

m 

• 

{Si 

\r>\      ir>  ;       tAl       tn!       ol      o  !       o 

•  1         •  I         ••          •          ft         •  •         • 

■  cm;   icm;icm;i  cv(  icm;icm;icm 

^s..       •>...        "^1         «»J         -«u        •>>.■        •>.. 
to;       if>;       lo;        m;       ir>;       o;       o 

CM  1       CM  1       CM;        cm;        cm;       cm;        cm 

c 

1    cv 

O 

1    cv^ 

a 

o 

1    fvî 

o 

• 
CM 

o 

1  CM 

««.J 
tn 

•i 

CM 

ir> 

1     CM 

««« 
in 

* 

CM 

tn 

1  CM 

• 

CM 

Ë 

>< 

10 

O 

o 
_J 
z 
(_> 

LlJ 

a: 
a. 

in 

cc 

Ma 

S 

u 

• 

o 

• 
O 

O'      r*»'     (^i<M>      w^i      00'      OS 

-^;    o;    -«;    -^i    o;    o;    o 

••                  •(                  •■                 •!                   •■                  •!                  • 

0;0;0;0:0;0|0 

o 

• 

o 

o 

• 

o 

9^ 

o 

• 

o 

o 

• 

o 

d 

• 

o 

tn  <o 

s  o 

<0 

>  c 
o 

ll 

•  u 

K    O 

u 
>^  u 
.-  eu 

•-•    Q. 
«O    3 

u5 

o 

o 

<» 

CO 

• 

o 

CO 

d 

:        i^o  :               ;        !    co 

oo  ;     GO  •  *— '  •  1    CO  ;     co  !     co  ;       • 
•  ,       •  ,     ^^          •  ,       •  ,       «1     ^) 

O'      O-     -*.;     O'      O'      O'     -^ 

!         1    to  ;         ;         ;         ;    m 

)         .      •  1         1         1         1      • 

;     ^^  ;           ;           ;           ;     — ^ 

00 

d 

00 

• 

o 

00 

• 

o 

00 

d 

CO 

d 

CO 

d 

UJ 

< 

— 

«\j 

ml    ■V  ''    i/)itD|    r~!oD'oi 

o 

— 

CM 

ro 

V 

in 

— «  d 

eg 

O 
(M 
O 

o 

o 
a. 


in 

00 


E 


C 

o 
o 


UJ 

CD 

< 


UJ 

o 

1 

• 

(0 

o 

q: 

u. 

CO 
CM 

* 

CM  ;     -^  ;     ro  ;    CM 

ro  ■        n   ,       CM     1     CM 

.  •       .  t       .1      . 

o     i     «•  ;    a* 

CM     •       CM    .       CM 

.1      .  •      . 

9y    ;        r». 

CM    .       ri 

.              . 

rn 

CM 

O 

• 

o 

. 

CO 
O 

o 

Lb 

CM 

o 

• 

r-i;     ^  :    tn  ;   9> 

O'      o  <     O    •    9> 
•  !         •  !        •   '       • 

rn     ;     — «  ;    ift 
O    :    o  ;    o 

•        ■            •    •           • 

o  ;    CD  ;    CO 

o     •      9i    <      9i 
•    !        •  I       • 

^     ,       o    ;       o 

O  ;    CO 

o  '     o> 

.    1           . 

"*  !     ° 

O 

o 

• 

«M 

. 
O 

o 

00 

• 

o 

o 
•< 

LU 

t— 
Ll. 

«5 

o 

A. 
. 

• 

o 

-nI     cm  I     o   !    cm 

>4         !         >N    1        <0 

CNJ    !     in   1     ^o 

vo  ;      r^ 

*    1            * 

o   ;      O 

• 

o 

. 
O 

. 
O 

*  I      *  1     *  1     * 

O;      O  ;     O    ;    O 

*        1             *    1            * 

o      ;      o  ;     o 

*     1           *    1          * 
o    ;      o   ;     o 

• 

(0 

o 

o 

X 

z 

CM 

. 

o 

CM  ;    CM  ;    CM  ;  CM 
.1      .  *      .1     • 

o;     o  ;    o  ;   o 

CM       ;        CM    ;       CM 

*    1      .1      . 
o     ;     o  ;    o 

fvj  ;    CM  ;    CM 

.1      .1      . 
o   ;    o  ;    o 

CM    ;        CM 
.     1              . 

o  ;     o 

CM 

d 

CM 

. 
O 

CM 

• 

o 

1 

z 
(.J 

UJ 

CE 
UJ 

UJ 

o 
a: 

n 

«9 

w 

. 
o 

^  •        «•!—<■'     CM 

in  ;     ir>  ;    m  ;    trt 

•  I               .1             .1            a 

o;     o  ;    o   ;    o 

m     ;      m  ;     in 

.     t        .1       . 

O     ;     O  ;    O 

^   ;    -N  ;    oj 
m    ;     if)   ;     m 

.1       .1       . 
o   ;     o  ;    o 

«n  '•     CM 
m  ;     m 

o  ;     o 

CM 

m 
d 

m 

. 

o 

PO 
m 

d 

(0 
O 

o 

o 
1/1 

S) 

r^\      r>»  !     CM    I    CM 
.1         •  •        .1       . 

CM     ;     T  1    m 
.1        .1       . 

n  ;    «s-  :    o 
.1       .1       . 

—    1        CM 
.                   . 

« 

00 

• 

O 

o 
-J 

<-> 

1 

CO 

o 
a. 

a: 

bj 

« 
e 
u 

(»1 

o 

• 
CM 

CO  ;    r^  ;    00  ;  00 

s  .      o  <     «    >    r» 

.  '           .   •          .    •         . 

-N  ;    CM  .    »H  ,  >4 

«    <    00  <    o> 
.    *      .  *      . 

00    '     r*   ■     so 

00  !     «T 
m  >     vo 

•                     • 

>o 

* 

CO 

• 

CO 

* 

o 

o 

u 

o 

• 
CVJ 

in 

. 

o;      o;     o  i      o 

<S#          CM'        CM  •           CN* 

in!      ml     o  1       o 

«            .1           .  >            ^ 
cm!       cm!      cm  ;        c\< 

o;      O  ;       o 
•i        "1         ^ 

CM-        CM  ■           CM 

o:     o  1      o 
cm!      CM  ;        c\< 

o;     O  ;       c 

•l                        »!                            1 

CM'        CM  •           CM 

o<     O  :       o 

•  >                  •    <                      4 

<m!      es*  :       «si 

o!         r2 
cm!        cnJ 

C 
CSJ 

CM 

o 

. 
CM 

m 

CM 

o 

. 
CM 

m 

. 

CM 

o 
■<. 

ce. 

o 
—J 
x 
u 

1 

UJ 

a. 

o 
a: 
j^ 
<-> 

e 
o 

. 
n 

0 

Q 

(M 

u 

o 
o 

o  '    o  :    w  :  o 
—  ;    —  ;    o  ;  -< 

•  •            •   1           «1          • 

o  ;     o  ;    o  ;   o 

o     ;     o  ;    o 
O     ;     O  ;    O 

-^    i     -^  ;     o 

^N    ;      «^    ;     *iN 

•    t         «1        • 

O  ;    O  ;    O 

o»    •        vo 

o  ;    o 

•     •              • 

o  :    o 

• 

o 

O 

d 

O 

• 

o 

00 

d 

00  Î        CD    1       00     1     00 

CO     1     CO  \    GO 

*     1       *  1       * 
o     ;     o  ;    o 

CD     1       00    1      CO 

o    ;     o  ;    o 

00  ;     00 
d  ;     d 

CO 

d 

00 

d 

œ 

d 

UJ 

vA 

r-  ;    œ  ;    œ  ;    o 

—    ;     CM  i     rn 
(M  !    CM  ;    <Nj 

V     1     iT)     •     lû 

«M  ;   CM  ;    CM 

CM   ;    <M 

CM 

o 
to 

m 

(0 

ro 

cr> 

•0- 

m 

•*H 

ro 

o 

e^ 

0 

f*) 

m 

^• 

0 

CO 

cr 

• 

• 

o 

• 

o 

• 

o 

• 

o 

• 

"^ 

• 

CM 

• 

CM 

• 

CM 

• 

CM 

• 

« 

• 

LkJ 

u. 

^^ 

■ 

^M 

*>^ 

"" 

*^ 

^^ 

^^ 

"^ 

o 

ac 

" 

-  —  »  . 

'   *   " 

B     ^      ^ 

"  ^  ^ 

—  •  — 1 

*  "  " 

•  —  ^ 

—   — .    - 

.  —  •  « 

■  "  * 

"  ^  " 

"  "  " 

^  ^  ^ 

—  —  — 

-  -  - 

, 

1^ 

(0 

r«N. 

V£> 

\o 

r«»» 

a\ 

ro 

m 

SO 

IT) 

«• 

t^ 

VO 

o% 

,^ 

CM 

o 
o 

• 

• 

m 

o% 

• 

O 

• 

•-4 
• 

• 

• 

0 

• 

0 

• 

0 

a» 

a> 

0 

o 

o 

o 

o 

o 

^^ 

"H 

•-< 

^m 

d 

d 

-H 

u. 

• 

Z 

O 

or 

eo 

•-< 

a> 

in 

n 

ir> 

o> 

o> 

ir> 

ir> 

to 

VO 

m 

VO 

V* 

< 

<^ 

• 
o 

• 

o 

• 
o 

• 

o 

• 
O 

r». 
• 

o 

lO 

• 

o 

• 
O 

• 
O 

• 

0 

• 

0 

• 

0 

• 

0 

• 

0 

d 

2 

o 

o 

1 

• 

■  ~  ~  ' 

'  —  — 

■  "  " 

-  —  _ 

_  —  _ 

"■  "■  " 

"■  "■  " 

~  ~  " 

•  "•  ~  ' 

•  "  " 

•  ~  — 

■  "  " 

_  _.  — 

"  "■  " 

•  •  • 

< 

«0 

O 

a: 

o 

M 

CSJ 

rsj 

CM 

CM 

CSi 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CSJ 

CM 

UJ 

Jp 

d 

• 

o 

d 

• 

o 

• 

o 

• 

o 

• 

o 

d 

d 

• 

0 

• 

0 

• 

0 

• 
0 

• 

0 

0 

u. 

2 

< 

(A 

^g 

e 

o 

a: 

^• 

ir> 

ro 

00 

«N 

o 

OS 

CM 

00 

0 

CM 

0 

0 

^^ 

«J- 

<v 

tf> 

LO 

to 

in 

<£> 

VO 

ir> 

lO 

IT) 

VO 

VO 

VO 

VO 

VO 

VO 

^^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

^ 

o 

O 

O 

O 

o 

o 

o 

o 

o 

0 

0 

0 

0 

d 

d 

^^ 

a> 

o: 

w 

o 

i^ 

— i 

k   ~ 

m    ^    ^     , 

r  *  — 

.  IK  M 

1*  w  ^ 

liv  —  ^ 

^  ^  «i 

^  «•  ■ 

w  ^  ■ 

.  ■.  *   . 

.  M  ^ 

•     »     ^ 

»  ^  ^ 

B     *     ^ 

»  *  ^ 

*    »    ■ 

zc 

^ 

(-> 

</3 

UJ 

O 

O 

^ 

T 

CM 

CM 

LT) 

CM 

^■ 

rt 

a» 

r^ 

m 

m 

^-4 

^ 

ro 

^ 

or 

o- 

d 

d 

d 

^M 

^N 

d 

d 

d 

• 

o 

• 

0 

• 

0 

d 

• 

CM 

• 

*-^ 

1/)  i/i 

Lk. 

1/Ï 

OJ    0) 

^ 

* 

3    3 

z 

U3 

to  te 

>  > 

o 

S> 

o: 

r^ 

00 

o 

O 

n 

o 

m 

r^ 

CM 

•x 

m 

VO 

„0^ 

0^ 

O^ 

•     • 

^. 

««i 

f^ . 

00 

00 

ID 

ir> 

o» 

00 

O 

0 

00 

r^ 

*% 

00 

00 

c  c 

< 

d 

d 

d 

^-* 

^N 

d 

d 

^^ 

•M 

• 

•-4 

• 

0 

d 

• 

• 

• 

'i  'i 

œ 

a: 

K    X 

o 
—J 
z 
o 

to   to 

O 

œ 

r«. 

« 

CO 

in 

f»  i/> 

r». 

r<»  r>«. 

r>»  r« 

r*- 

r»» 

VO 

VO  0 

1/) 

c 

1    E 

o 

• 

■ 

• 

•    • 

• 

•    • 

• 

•     • 

•        é 

• 

• 

•     • 

• 

"^  «^ 

H- 

IS) 

o 

o 

o 

O  CM 

•-4 

o  -< 

O 

O  O 

o  o 

0 

0 

0 

0  CM 

CM 

c\ 

to    (0 

«/1 

"V.       1 

''^.     1 

^Sfc,       1 

*^  "^ 

1      *<Nfc 

■>»^«. 

*%H        1 

•««*».   '««.fc 

"^^ 

•*.«  1 

VO  CM 

1    ^ 

■W  "O 

o 

O 

o 

GO 

r^ 

VO  O 

o 

O  I/) 

P*. 

f^     P^ 

r»  rs  f». 

r^ 

r». 

m 

IT 

a. 

• 

• 

• 

•           • 

• 

•         •! 

• 

•           • 

•     •     • 

• 

• 

•          •! 

• 

«       ak 

^H 

o 

o 

O   CM 

CM 

-^    -^ 

o 

o  o 

00:0 

0 

0 

0  cn 

CM 

Cs 

0)    OJ 

v>  to  to 
0  1/)   m 

2 

«5 

0 

o 

o 

o 

CM 

r^ 

O 

CO 

ro 

CM 

kC 

10 

r» 

VO 

_^ 

VO 

^^ 

=  00 

^  "O  "O 

^B 

^H 

CSJ 

C\J 

^N 

^ 

^ 

^N 

«■ 

»»j 

CM 

CM 

CM 

CM 

^H 

•0 

< 

• 

o 

d 

• 
O 

• 

o 

• 

o 

• 

• 

o 

• 

O 

• 
0 

d 

• 
0 

• 

0 

• 
0 

• 
0 

• 
0 

>   0)    c 

c  0 

0 

«MB 

U 

C    I.  ■<-> 

cr 
o 

k^ 

•-  0  <o 

^    ^    ^ 

_j 

^ 

"•■^ 

•^^  — 

(_> 

o 

00 

CD 

00 

00 

00 

00 

CO 

00 

00 

CO 

00 

00 

CO 

CO 

•    U    1_ 

X         0 

LkJ 

o 

d 

d 

• 

o 

• 
o 

• 

o 

d 

• 

o 

• 

0 

d 

• 

0 

• 

0 

d 

d 

d 

to   u 

ec 

""^ 

^» 

>>  c  u 

a. 

C_) 

in 

in 

•».  -O    Q. 
10    S.    3 

ci  0  00 

UJ 

0 

^K 

CM 

m 

^ 

If» 

< 

^ 

(M 

m 

V 

in 

IC 

r~ 

(E> 

01 

^ 

-,_    -,_    — , 

o 

—  CM  rn 

LlJ 

O 

a: 
o 

=3 

—J 

(0 

e 

a: 

Ll 

.    1        . 

1  —  :   .«  ;    vo 
•  1     •  1      • 

1     00     1     r«.    !     CO    1    00     i   -N 
•    !       *    I       •    '      •    I      • 

VT) 

• 

0 

0.95 
1.04 

0 
• 

« 

10 

o 

o 

9\     '•      -N 

o  ;   -^ 

*                 * 

ro    !     CO    !     o 

-•  ;    o  ;    — 

•         1                 •       (                  0 

n    !    en   !    -^   !    eo    1  f^ 

— <  ;    0  ;    0  ;  00    ;  00 

*   1      *  1      *  1     *   1     * 

00 

• 

0 

vr>    '•    vo 

CO    ;    00 

d   ;    d 

vo 

00 

• 

0 

CM 

d 

• 

0 

o 

z 

LU 

Ll. 

•< 

«5 

• 

e 

•            • 

o   ;    o 

m      *            •     t             • 

o  :    o  ;    o 

p^    '     r^   •     •*    '    0     'CO 

r«    I     r^    1     00    1    00     I   r^ 

»    1        •   1        «1       •     1      • 

0  ;    0  ;    0  ;  0   ;  0 

00 

• 

0 

00    ;    1^ 
0   ;    0 

• 
0 

00 

• 

0 

• 
0 

«0 

o 

o 

m 

X 

z 

CM     j       CSJ 

d  ;    d 

CSJ     I       CM     !       CM 
•     '          •    *           . 

o  ;   o  :    o 

(M     :       CM    i       CM    !     CM      !    CM 

•     '          •    '          •    •         •     •        . 

0  :    0  !   0  I  0  :  0 

CM 

d 

CM     1'      CM 

•     *          • 

0  ;   0 

<M 

• 
0 

CM 

• 

0 

CM 

• 

0 

i 

LU 

ce 

UJ 

«5 

u. 

03 

L. 

fM     I      o 

d  ;    d 

o  ;    -<  ;    -X 

vo     <      vO    1      vo 

•      '             •     •             • 

0:010 

0  i    0  i        i        ; 

>o    1     vo  1           . 

■      1           •    1                 1                 r 

0  ;    0  ;        :        ; 

(-1 
VO 

d 

«5 
O 

a 

rsi 
O 
00 

«O    '      vo 

.          * 

vo    '      vo    '       vo 

•    [         «1          • 

•     1           •    !           •    [         •     J        • 

0 

• 

f^     ;      00 

*        1                 * 

0     1      0 

00 

d 

• 

0 

CM 

• 

0 

O 

1— 

o 
—J 

o 

1 

o 

lÔ 

«.J 

o 
o 

u. 

O    ■      ro 

•            * 
CM    ;     -H 

r».    I      0   ;      P*- 

•      1             •     1             • 

»N    1     CM   ;      — 

o\  ',     kf>  ;    vo  ;    vrt    ;  r» 
*  1       •  »       *  1      •   •     * 

• 

rn    '<     0 
*    «        * 

0 

• 
«-4 

0 

CM 

• 

in 

p». 

d 

• 

o 

o 

IT)  !       vft 

•  • 

o  ;      tn 

•  1                • 

n  ;       CM 

oiTh      m!  0  c 
-*»^      cm!  •-•  c\ 
OLn{      vn  :  0  tr 
-^cm;       cm  ;  -n  cv 

0      îo  0>       u>      vn!        IT 

—<        ,•—  CM.          «-«J         "<1           — 

0      ;ovfl;       m;      0;       G 

•       1    •      •  1            i«           •■             « 
.4      ;•■*  <^<;       «m;       cm;        cv 

0 

• 

• 

ci      0 

#            • 

<q               0 

-,               -1 

• 
0 

0 

• 
■»4 

vr>  tn 

•  « 
0  ci 
•««»  -^ 
CO  vri 

•  • 

0    0 

00 

• 

0 
•««.  1 

CO 

• 

0 

Z 
O 

•< 
Z 

ce 
a 
_j 
z 
«-> 

UJ 

a. 

(0 

e 

O    ;     -• 
d  ;     d 

w»   I     0  !      a> 

0    i     —  •      0 

•       '                •      '                 • 

0  ;    0  :    0 

o\  ;    0  ;    0  !   CM  ;  -« 

0    1      —   .      — «   .     CM     .    — 
•    '           •    '           •    •          .     •        • 

0  ;    0  ;    0  ;  0  :  0 

• 

0 

*      '             • 

0  :    0 

• 

0 

« 

0 

* 
0 

n 

o 

a 

00  1     es 

d  ;    d 

CO   *     00  1     00 

•      '             •     <              • 

0  ;    0  ;    0 

!          1     00  ;          ; 
00   1     00  •       •  ,    m    .   vT) 

.  •       •  •     ^3          .    >      . 
0  ;     0  ;    ->.;    —   ;  -4 

1                   '             •     '                   • 

i<^ 

vr>    ',     LT) 

•           • 

• 

vr> 

• 

00 
d 

LlJ        1 

o         ~  ;    ~ 

CM     1       CM    I      <NJ     1      OW     ;      fM 

v£ 

CM 

OJ     I      CM 

CD 
CM 

0 

m 

o 


0 
o 

Q. 


CO 


>- 


E 

LJ 


o 


u 

UJ 

z 
o 


UJ 

_J 
m 
< 


UJ 

o 

tr. 
o 

• 

(A 

e 
cr 

o 

in 

o 

o 

CO 

d 

ON 

• 

o 

0.96 
0.89 
0.83 
0.84 

CO 

• 

o 

o 

• 

o 

0.88 
0.82 

o 

0^ 

• 

O 

ON 

• 

o 

w 

o 

o 

00 

• 

o 

00 

• 

o 

00 

• 

o 

CNJ 

00 

• 

o 

eo 

p«. 

. 

o 

00  1        f^  %       O   <       CO 
O  ;       O  ;      O  1      O 

• 

o 

p>» 

. 

o 

CM    !        CM 

p»  ;      p<» 
O  ;      O 

00 

• 

o 

p». 

. 

o 

o 
< 

UJ 

u. 

•< 

03 

o 
a: 

. 

o 

. 

o 

1»» 

o 

CM 

. 
O 

CM 

. 
O 

VO 

p». 
. 

o 

p>»  !      CO  I      o  !      «■ 
vc  ;      lO  ;      p^  ;      r». 

d  !     d  I    d  ;    d 

vo 

• 

o 

m 

p». 

O 

n  !      ir> 

•  !          • 
O  ;       O 

CM 

• 
O 

m 

p». 

o 

O 

o 

X 

z 

o 

O 

d 

CVJ 

d 

C\J 

d 

CM  ;     CM  ;     CM  ;     cm 

*  I       *  1       *  1       * 
O  ;      O  ;      O  ;     O 

CM 

• 

o 

CM 

• 

o 

CM    ;        CM 

o  ;     o 

CM 

. 

o 

CM 

. 

o 

-J 
(_> 

UJ 

u. 

u5 

o 

K 
|<« 

<-> 

e 
a> 

00 

o 

d 

. 
O 

m 

. 
o 

o 
p^ 

d 

p~  ;     o  ;     oi  I     CM 

vo  I     t^  ;     vo  1     r^ 

.1        .1        .  •       . 

o  ;     o  ;    o  ;    o 

00 
lO 

. 
o 

. 
O 

r^  ;      rn 
lO  .      vo 

•                     • 

o  ;    o 

00 
vo 

d 

vo 
d 

• 
«3 
O 

o 
o 

o 

o 

00 

• 

o 

o 

• 

-<  ;    o  ;    o  ;    o 

o 

CM 

o 

o  1    n 

"N     1          "N 

"H 

• 

o 

2 
O 

z 

a: 
o 
_i 

o 

1 

^■ 
«/Ï 

o 
a. 

« 

a: 

u 

e 

o 

p». 
o 

o 

• 

O 

o 

00 
0^ 

• 

O 

;         1    CM  ! 

"HI        «•    •        P».    '       P». 

—4  ;     00  !       •  <    r«> 

.1         .1      o   '         * 

-*  :    o  ;        :    o 

00 

vo 

. 
o 

in 

• 

o 

CM  ;     vo 
o  ;     00 

m 
vo 

• 

CO 

• 

o 

«5^ 
o 

o 

u 

J 
~éo 

• 

o 

CO 

• 

o 

00 

• 

o 
CO 

• 

o 

00  VD 

.      . 

o  — 

CM  O 

•            • 

CO 

• 

o 
o 

• 

00  o 

.    • 

O  CM 

^..■^ 

00  o 

•        • 

O  r^ 

CO  O  ■  GO        J  CO         J  GO 

*      *  I      *        <     *         1     * 

O  PO.  O       «O        'O 

O  O  •  CD        tOO         •  GO 

00 

• 

o 
^^  1 

• 

o 

00 

• 

o 
o> 

o 

r^  in;       m 
*     *<         * 

CD  o!      o 
O  cmI       cm 

CO  o 

O  CM 

CO  o 

•    • 

O  CM 

CO 
d 
o 

"H 

o 

cr 
o 
-J 
s: 
<-) 

UJ 

a. 

œ 
«Ht 

e 
o 
I- 

. 
o 

• 

o 

. 
o 

• 

o 

• 

o 

*  1        *  1        *  1       * 
O  ;     O  ;     O  ;     S 

in 

. 
o 

tn 

. 
o 

^    1       OO 

CM   1     m 
o  ;     o 

m 

CM 

o 

O 

• 

o 

« 

O 

o 
u 

in 

. 
o 

tn 

d 

d 

to 

d 

. 
o 

ir>  ;     LT)  ;     tn   |     tn 

*  1        *  I        *  1       * 

O   ;      O    ;      O    ;      O 

tn 

d 

tn 

• 
o 

m  ; 

o  ;     tn 
m   ;     — 

• 

tn 

d 
tn 

tn 

. 
o 

UJ 

■< 
o 

— 

f\j 

fO 

^ 

in 

i£     \      p».    1      00    j     CTl 

o 

— 

rsj    \    m 

V 

in 

m 

tfl 

01 

01 

s 

3 

^ 

^B 

10 

(O 

> 

> 

E   E 


K    X 

<e  <e 

E  E 

>,  >. 

^  ^ 

•^-  •w^ 

to   «0 

■o  -o 

,    . 

a>  0) 

oi  a> 

tn 

10    10 

0) 

m    in 

= 

o  o 

pv 

•o  -0 

lO 

> 

01    c 

c  o 

. 

•^  -^ 

c 

J-  •M 

•^ 

O    10 

E 

r—     C 

£   •.- 

. 

u  u 

X 

o 

rtj 

>.^ 

E 

1-  x: 

(0    u 

>. 

c    ^ 

f^ 

—    0) 

•m- 

•o  o. 

<o 

4-     = 

Q 

O   1/5 

O 

o 

9 

O 

a. 


00 


a: 

< 

Z 
«S 
-3 


E 


c 
o 
o 


ro 

UJ 

—I 
CD 

< 


UJ 

o 

o 
-J 

(0 

o 

œ 

u. 

• 

o 

• 

o 

d 

00 

• 

o 

d 

0.93 
0.95 
0.93 

0.95 

0^ 

d 

d 

0.92 
0.96 

ON 

00 

d 

p^ 

00 

d 

ON 

d 

(0 

o 

a 

u. 

a» 
d 

00 

• 

o 

o 

CO 

• 

o 

CO 

• 

o 

o 
CO 

• 

o 

if>  Î     V 1     00  1     o 

r».  ;      f».  1      ^»  ;      CO 

o  ;     o  ;    o  ;     o 

00 

a 

o 

œ 

a 

o 

r^  ;      VO 

a     •              a 

o  ;    o 

to 

p>«. 

. 

o 

p». 
p^ 

d 

if> 

CO 

d 

o 

UJ 

u. 

-< 

o 

VO 

* 
O 

9i 

• 
O 

o 

• 

o 

• 

o 

• 

o 

<Nj  !     ^1     m  !     ^ 

•  •        •  I       «1        • 
O  ;     o  1     o  ;     o 

a 

o 

VO 

a 

o 

o  ;     — 
p^  ;     ^ 

a     1              a 

o  ;     o 

CO 

VO 

• 

o 

CM 

P>« 

a 

o 

0^ 
VO 

• 

o 

O 

o 

X 

z 

o 

o 

(SJ 

o 

pg 

• 

o 

fSJ 

• 

O 

o  ;     o  ;    o  ;     d 

o 

CM 

d 

CM    1       (M 

•                    • 

o  ;    o 

CM 

d 

CM 

d 

CM 

a 

o 

i 

LU 

o 

UJ 

in 

ë 

s 

u 

VO 

d 

VO 

d 

o 

VO 

d 

VO 

. 

o 

VO 
VO 

d 

VO   '       VO  <      vO   <       vO 

*   '          .  '          .   '          . 

o  1     o  j    o  1     o 

CM 
VO 

• 

o 

to 

VO 

• 

o 

CM    !       Ol 

VO  •     in 

•     '              • 

O    ;       O 

VO 

d 

o 

VO 

• 

o 

00 

in 

a 

o 

a 

(0 

o 

o 

<>< 

o 
on 

o 

• 

o 

• 

• 

o 

a» 

• 

o 

1          !          !     CM 

o  ;    o  ;    o  ;    d 

O 

• 

o 

o  1 

•       * 

-.  ;    o 

o 

• 

o 

CO 

• 

o 

O 

o 
-J 

o 

1 
H- 
OO 

o 
a. 

IÂ 

K 

VJ 

S 

w 

00 

• 

CO 

. 

o 

GO   1       0^  t      P^    1       S 

VO   '      vO  '      VO   ;      vO 

*    !           .  1          .    !           . 

O   ;       O  I      O    ;       O 

VO 

• 

o 

VO 

• 

o 

IT)    !       U-) 

^    ;       VO 

e      1                * 

^  1     o 

d 

a-« 

• 

(0 

o 

o 

u 

00  o 
O  c\J 

CO  LD 
O  tvj 

o 

IT) 
cvj 

o 
1   ^.« 

CNJ 

t\JO 

.       é 

—  tv< 
•    « 

r^  C 

d  cs 

o  a 

•       < 

r».     1    r»      !   r».      !  r«» 

.          '            .          *           .          '           a 

o    ;  o    1  o     !  o 

^  1  ;  '^  1  ;  ■>«    i;  >.^    i 

r»»     1   00      !  r».      1  p* 

d    ;  d     ;  d     ;  d 

a 

o 

p». 

a 

o 

a       a 
a        « 

O-i 

r».  m;  p». 

a        a,         a 

o  — >■  o 

p».  vrti  r* 
»     •*      • 

r«.vr 

O  <M 

o  in 

* 

—  cvj 

< 
CM 

oom 
d-i 
Om 

a       « 

o 

•< 
z 

q: 
o 

1 

UJ 

ac 

a. 

ui 

o 

<_> 

o 
e 
u 

to 

. 

o 

•-< 
CVJ 

« 

O 

CSJ 

d 

r». 

. 
O 

•-< 
• 

o 

O  ;      CM  I     o   1      o 

*     t               *    •              *     *              * 

O    ;      O  ;      O    ;      O 

o 

• 

o 

o 

• 

o 

^  ;    ^ 

*  1      * 

O  ;     O 

O 

• 

o 

CM 

d 

pa* 

d 

o 

a 

u 

d 

I/) 

O 

• 

o 

vn 

• 
o 

to 

d 

o  ;     o  ;    o  ;     o 

to 

d 

. 
o 

LO 

a 

vr>   I 

d  ;   *« 
m  ;    o 

VT) 

d 

d 
to 

VO 
d 
m 

ta 

UJ 

o 

r- 

CO 

Cl 

o 

Cvj 

<M     1      CM    :      <M    ;     CM 

CM 

Va 
CM 

P-    i     o 

CM     ;      CM 

en 

CM 

O 

m 

O 


o 
o 

Q. 


CO 


<: 


E 


UJ 


o 

z 
o 


o 

UJ 

u. 

z 
a 


ro 

UJ 

—I 

m 

< 


£ 

a: 
o 
=) 
—J 

• 

œ 

Ll. 

o 

CO 

o 

o 
œ 

• 

o 

• 

O 

O 

d 

0.82 
0.71 

0.71 

0.69 
0.72 
0.81 

o 
œ 

d 

0.78 
0.75 

• 

o 

0^ 

p^ 

• 

O 

«5 

o 
o 

IT) 

p<» 

o 

VO 

. 
O 

00 

• 

o 

. 
O 

^  !     PO  !      r». 

. ,        «  ,         . 
O;     O  ;      O 

CO  1     o  !     00 
VO  !      r>.  ;      r«» 

«  1           .1           . 

o  ;     o  ;     o 

p«. 
d 

CM  ;      -« 
p».  1      p^ 

O  1       O 

«M 

P>» 

. 

O 

in 

* 

o 

o 
< 
o 

a: 

LU 

►— 

u. 

< 

to 

o 

T 

• 

o 

in 

. 

o 

CM 
IT) 

. 

o 

m 

O 

ml     ml      o 

m  ;      m  •      VO 

*  1        *  1         * 

O  ;      O   ;       O 

o>  !     ml     t-4 

m  1     m  ;     m 

*  1        •  •        • 

O  ;      O  ;     O 

0^ 
m 

. 
O 

cvi  '•      VO 
lO  1       VO 

O  ;     o 

VO 

d 

o 
d 

• 

o 

o 

m 

X 
Z 

CM 

• 

O 

M    1        CM 

O  1     o 

CM 

• 

o 

CM 

d 

o 

i 

o 
as. 

* 
O 

in 

d 

in 
in 

. 
o 

PO 
m 

. 
O 

m  ;     «r   !      vo 

m  ,     m   1      m 

.  t       •   •        . 

O  1     O   1      o 

p>»  ;      t\;  1      CM 
m  .     m  .     m 

.     '                .      '                a 

O   I      O   1      O 

m 

. 
o 

PO    I        CM 

m  1     m 

d  1     d 

o 
m 

d 

m 

d 

• 

«3 

O 

o 
o 

CO 

• 

VO  1      00    1      »9- 
.1         .    t          . 

ml     ui  1     p». 

ID 

PO    1       P^ 
•                  • 

VO 

• 

3>— 

o 

•< 

or 

o 

z 
o 

1 

f— 

CO 

o 

a> 
a: 

«-> 
e 
e 

1^ 

00 

• 

o 

• 
CNJ 

00 

• 

m 

00 

o^  I     P».    ;      m 
Ol    1      P».    •       00 

.  '      .  •       . 

— «     1        "H      I        >H 

PO   1      o    1     V 
P».    1      0^    '      0^ 

PO 
VO 

• 

CO    1       «T 
m    ;      00 

*     1             * 

.-4      1          ^mt 

VO 

p^ 
. 

• 
^4 

<0    > 

> 

1"! 

»^ — 

X    X 

. 

O 

O 

U 

• 

ifi 

• 

ID 

• 

1    ^ 

m 

• 

(M 

• 
1   "^ 

GO 

. 

m 

. 

-H 

m;       m;       m 

•i         «1          « 

— «•       — <•       ^ 

mt       v«.       ir> 

1         «1          ^ 
cmI       csi!       <\j 

1             1*^ 

i«|       mlo  m 

m;         O'OO 

*!          *l    *     * 

x 
1      -«^ 

O 

. 

«M 

o  ml       m 
•     —          « 

o  o;       o 

— <  CM|           CM 

m 

. 

m 

• 

* 

< 

•o-c 

o 

a: 

o 
_i 

C_) 

1 
LU 

ce 

Q. 

ui 

a 

*>• 
(-> 

S 

• 

o 

00 

. 

o 

o 
d 

. 

O 

o^  1    r».    1     &> 

«o-  ■    (M    1     n 

•  I       '1       • 

O   .    o    .     O 

PO   !     ro    I     o 

m    ;     «■    ;     iD 

*    1        *    1        * 

O    ;      O    ;      O 

CM 

d 

CM     1       PO 
n    ;     9 

*     >            * 

o    ;      o 

o 

IC 

d 

o 

VO 

• 

O 

m    (O  <o 
OJ    v/t    V) 

=  o  o 

—   XI  "O 
>    0)  c 

c  o 

c    C^ 

E.2S 

• 

o 

o 

p» 

o 

in 

• 

d 
to 

m 

• 

I    m    ! 
m   ;      •    ;     m 
•  loi 

1    m    ! 
1       .    1 

1           1    irt 
m    1    m    1 

.    .    O 
-«;—<;     — 

1           1    m 

1           1    "^ 

m 

d 

■ — , 
m 

m    ; 

m 

O    ; 

m    1 

•    ■ 

m 

.-4 

m 

•   u  s. 

X             o 

E    s-  ^ 

<0    (J 

>,  c  J_ 
,—  ~  d) 

—    -o    Q. 
lO     l.    = 
Q   o  oo 

-"    CM  PO 

UJ 

•< 
O 

— 

(M 

Kl 

V 

ID    i     vu    I      p~ 

CD  ;  en  ;  E 

— 

csj    J    m 

V 

in 

(M 

•»- 
O 

(M 

« 
O 

a. 


eo 


E 


c 
o 
o 


fO 


CD 

< 


UJ 

o 

• 

o 

o: 

u. 

VD 

O 

0.70 
0.88 

0.93 
!      0.93 

0.93 
0.94 
0.89 
0.99 
1.09 

,    o 

• 

vo 

.      O 

• 

m 

1       O 

• 

1     o 

o 

(0 

o 

o 

. 
O 

r-»  ;    00  ;     a>;      a> 

.  1       «1        . 1        • 

o  ;     o  ;      O  ;       O 

—  1      »!     o  '     00    «     rj 

o%  \     00  1     o^  !    00  î     o\ 

•  1       «1       .1       .1       • 

o  ;     o  ;     o  !    o  ;     o 

>     m 

• 

o 

00 

d 

• 

o 

1        00 

• 

:    o 

00 

• 

o 

O 

UJ 

h- 

u. 

•< 

o 
ai 

3 

. 
Ô 

O 

. 

O 

^  !     r»î  !      ml       -^ 

vo  ;     ^   ;       r^  ;       r^ 

*  1        *   i         *  i          • 

O  ;     O    ;       O  ;       O 

o»  !      CO  !     r»   !     CM    ï     ir> 
vo  ;     vo  ;     «  ;    vo   ;     \o 

O  ;      O  ;     O    1     O    ;      O 

• 

o 

vo 
d 

m 

vo 

O 

. 
•       O 

r». 

. 

,      O 

• 

(0 

o 

o 

m 

X 
2 

CNJ 

• 

o 

tM  ;    csj  ;     CM  ;     cm 

•  1      .1       .1        . 

o  ;    o  ;      o  ;      o 

«M   ;        CM   J       CM    !      C\J     ;       CM 
.1           •  i          •    •          .1           . 

o  ;     o  ;    o  ;    o  ;     o 

CM 

« 

o 

CM 

• 

O 

'       CM 

O 

CM 

. 
O 

CM 

d 

o 

i 

<_> 

ce 

« 

o: 

o 

. 
O 

vo  ;     CM  ;      -H  ;      «• 
.1       .1        .1         . 

O  ;    O  ;    o  ;     o 

f*ï  ;     «■  ;    o>  ;    oo   i     cm 

ir>  .     in  .     ^-   ,    ■Vf     ui 

.1        .1       .  t       .1       . 

O  ;    o  :   o  :   o  ;    o 

m 

d 

00 

•T 

d 

o 

ir> 

d 

m 
d 

m 

d 

(0 
O 

O 

o 
t/1 

.-4 

vo  ;    u^  ;    V  :     vo 
.1     .1      .1      « 

f^  '.     ml     vn   1    ml     vo 

• 

m 

.■H 

V 

CM 

."4 

- 

O 

►— 
•< 

K 
O 
— J 

z 

1 

o 
a. 

(O 

o 

« 
o 

CM 

o  ;    -N  ;     lo  ;     <y> 

0%  1       0%    •        CD  *        0\ 

.   [          .    •            •  '             . 

CM    1        O    1       V     ',      "^1       f*. 

f».  1      00  '     00    '     o»    •      vo 

•   1           '1          *    î          '1           • 

00 

.-4 

vo 

vo 

09 

• 

. 

W 

O 

O 

. 

lo;      i«;       ifr,        tn 

Oi      1^  •       u>       m 

m;     -^;      ^      -4 

m;      m;        vr^       m;  oo  ui 
*t         «1          1         *,     .     * 

vnt       tr>i        m       vnt  o  in 

VO  O 

.        . 
o  CM 

00  O 

o  CM 

O 

CM! 
1     '^ 

O 
ml 

CM 

m 

• 

O 

• 
CM 

- 

m 

« 

O 

z 
o 

h- 

•< 
z 

es 

o 
— i 
z 
(-> 

1 
LU 

a. 

là 

o 

• 
O 

^   .      vo    ;       (n  ;       iD 

d  1    d  1     d  ;     d 

9v   1       Ot    1      9     1      CM     1      >4 

CM  ;      »»•  ;     Vf)    «     vo    •     m 

*   1          *   4         *    1         *     !          * 

O   ;      O   ;     O    ;     O     ;      O 

O 

• 

o 

VO 

. 
O 

VO 

o 

d 

m 

CM 

. 
O 

n 

o 

a 

<<• 

un 

1          1          I      m 

•  ;     .  :      •  ;    O 

ml              i              i              1 

•  1     m  1    m    1    m    ;     m 

O   1         •   I         *    1        •     t         . 

m 
d 
m 

m 

m 

m  ; 

• 

LT) 

d 

*^  , 
m    ' 

. 

1            !            1       to 

vn  1           :           ;           1     -«^ 
*  1           1           1           I     "* 

UJ 

va 

(*-  1    00  ;    <Ti  ;    p  , 

_     .       1       _    .       CNJ 

—    1     CM   '     ro    1     V    1     m    . 
<VI    1      CM    1      CM    1     CM     1     CM 

vfi 
cvi   ! 

CM    ' 

00 

CM     ' 

en  : 
CM  ; 

f^  1 

m 

UJ 

ce 

o 
= 
—t 

• 

cr 
u. 

d 

d 

1.02 
1.03 

0.93 
1.00 

0.97 
0.91 

00 

d 

00 

. 

O 

O 

O 

0\ 

o 

m 

p^ 

« 

o 

Û 
u. 

O 

(M 

es 

• 

O 

CNJ      !       PO 

CO  ;   CO 
d   ;    d 

^'    !    GO     î     r^    !     r^ 

o  ;   o    ;    o  ;    o 

PO 

00 

• 

o 

PO 

oo 
d 

VD 

00 

d 

00 
00 

• 

o 

. 
O 

d 

• 

O 

o 

»— 
< 

o 

a: 

UJ 

►— 
u. 

cô 

o 
ai 

O 

PO 

. 
O 

o 

p«. 

. 

o 

ir>    !     CD 

•                   * 

o    ;     O 

if)    •    r»     ■      m    1     P» 

r».   ;   r».    ;     p».  ;    vc 

.   1      .1       *  t       • 
o    ;    o    ;     O  ;     O 

00 

o 

00 

« 
o 

VD 

• 
O 

p». 

• 

o 

m 

O 

CM 

O 

CO 
vo 

• 

o 

03 

O 

O 

X 
2 

CM 

. 
O 

fsj 

. 
O 

CM     ;       CM 

d  ;    d 

CM     1     CM      !       CM    ;       CM 
.1           .1             .1            . 

o  ;   o    ;    o  ;    o 

CM 

* 

O 

CM 

. 
O 

CM 

O 

CM 

d 

CM 

d 

CM 

d 

CM 

• 

O 

o 

i 

o 
a: 

U. 

! 

. 
O 

. 
O 

o  i    o 

tf)  ;  «•   ;    CM  ;    \o 

.     *           .       '             .     •             . 

o  j   o   ;    o  :    o 

• 

O 

U-) 

d 

O 

m 
m 

. 
O 

PO 

m 

d 

CM 

. 

O 

m 

• 

• 

w 

o 

o 

<M 

o 

1/5 

ri 

. 

• 

•      •             • 

r^    1     o     I      CM   !      «• 

.    '        .     *         •   •         . 

^M  1   CM   1    CM  ;    — < 

« 

m 

00 

• 

CM 

. 

OJOI 

=  = 

O 
< 

o 
_j 
z 
o 

1 
O 

a. 

a: 

e 
o 

Tt  ;    o 

f»    '       00 

.     1             * 

a>  1    -H    ;     in  1     o 

00    1      .-<     •       01    .       VD 

•  1       •    !        *  '        * 

—    1      CM     [       -N    1       — 

m 

.-4 

in 

. 

CD 

• 

p>. 
• 

vo 

vo 

• 

CO 
VD 

• 
•-* 

CM 

r». 
. 

•ore 

>> 

•  • 
ce 

EE 

O 

O 

u 

PO 

1    (\i 

O 

O 

• 

in 

«Ml          CM 

m',       ir> 
cm;       cm 

;           ;           ;  CM 
cm!        o        cm  o  ec 
cMi        CM        rj  >4  >- 
lîî        ul        id  o  es, 
cy        cnJ        csJ  --  c\ 

O 

• 

O 

• 

i 

- 

• 

• 

• 

o 

• 
CM 

• 
CM. 

':^ 

m 

■a 

m 

CM 

O 

CM 

o 

CM 

EE 

•OXJ 

*    * 
0)01 

z 

ce 
o 
_j 
z 

UJ 

cr 

Q. 

«9 

a: 
» 

O 

d 

^4 

• 
o 

m  1     m 

•           . 
O    ;      O 

ir>  !    n    1     Tf  '.     CM 
d  ;    d    ;     d  i     d 

• 

o 

vo 

• 

O 

10 

. 

o 

9\ 

d 

• 

o 

00 

• 

o 

00 

• 

o 

u  lAin 

3    OO 

re 

>    OlC 

CO 

c  UZ> 

—  ore 

Ê'-C 

•^£— 

•    D  U 

X         O 
re  >^ 

E  (-^ 

re  u 

>.  c  1. 

.-  —  dj 

•—  -o  Q. 

re  U  = 
Q  ovo 

—  CMPO 

• 

« 
O 

O 

u 

ce 
d 

CO 

d 

CO  ;     œ 
d  ;     d 

^eo  1           1           1 

o  !    00    !      00  1     œ 
^^.  1       .1        •  •        • 
in  ;    o    ;      O  ;     o 
.  ,           ,           , 

00 

d 
in 

00 

d 
in 

m 

œ 

d 

œ 

d 

CO 

d 

00 

• 

o 

UJ 

— 

(M 

m  :     V 

1/1    ■     vu    I     r>-    '     00 

Oi 

O 

— 

CM 

fo 

V 

un 

«M 

•H 
O 

cg 

o 

o 
o 

0, 

UJ 

o 
er 

S 

-J 

• 
«5 
<B 

S 

LL. 

W 

CD 

rt    ;    o 

•                    • 

1      VO 

'     o 

^4 

!    to 
'    o 

*          • 

.  f-   ;  CNJ 
■  o    ■  o 

*      1        * 

O 

ov    ;  «■ 
o    .  — 

•        *         • 

m 

,     Ol 

0^ 

• 

; 

• 

• 

00 
O 

O 
u. 

0^ 

. 
O 

ON 

« 

o 

«    !    o 

oi    ;    » 

*    1      * 

o    ;    o 

;    00 

• 

,    o 

;  9\ 

• 

;   O 

*         * 
o     ;   O 

CNJ 
ON 

• 

O 

•       :         • 

o      ;    O 

• 

o 

in 

Ol 

• 

O 

Ol 

00 

• 

o 

CNJ 

Ol 

• 

o 

CNJ 

• 

:  ^ 

z 
o: 

UJ 

u. 

• 

• 

O 

VA 

• 

O 

o\    :    00 
to    ;    « 

«       ,            • 

O     ;     O 

eo 

VC 

o 

« 
O 

r».    ;    CNJ 

•        1            * 

O    >   o 

CNJ 

• 

O 

-M    ;  o> 

r».     1    vo 

•                         • 

O    I  o 

Ol 

d 

• 

o 

r». 
O 

00 

• 

o 

• 

.  o 

• 

(0 

o 

o 

m 

X 

z 

• 

O 

CM 

• 

O 

CVJ      ;      CNJ 

o   ;    o 

CNJ 

• 
O 

CNJ 

• 
O 

CNJ      ;     CNJ 
.                 . 

o    ;   o 

fNI 

• 

O 

CNJ 

o 

CNJ 

O 

CNJ 

• 

CNJ 

• 

o 

CNJ 

• 

O 

o 

i 

o 
a: 

UJ 

o: 

03 

d 

d 

•          . 

O  ;    o 

CSl 

• 

o 

o 

VA 

• 

o 

CNJ    ;    t\j 
.    •      . 

O  ;  o 

d 

CM    ;    V 
d    ;    d 

ON 

. 

O 

o 
o 

Ol 

O 

o 
d 

en 

d 

eo 

>- 
— ) 

m 
o 
o 

rsi 
O 
1/1 

CNJ 

• 

• 

csi  ;   -< 

•               • 

CNJ 

• 

en 

• 

CNJ 

en    ;    CNJ 
.   *      . 

CNJ 

• 

*  :  oo 
.       . 

ID 

a 

o 

• 

9 

o 
•< 

o 
— j 
z 

1 

^• 
CO 

o 
a. 

U9 

S 

• 

• 

•           • 

O 

• 

CO 

• 

tf)   ;    CNJ 

O 
p». 

vo   ;    o 
vo   :    00 

•                  • 

00 

p«» 

. 

00 

• 

• 

Ol 

CNJ 

. 

• 

« 
o 

o 

ex 

U 

00 

o 
. 

CM 

CO- 

.* 

— 1 

o 

ol      o 

.  •               « 
CNj;           CN^ 

o;      o 

CNj;        fN* 

o 

CNJ, 

1  -^ 

CN> 

CO 

« 

H 

(M 

o:      o. 

.1                 m 

CNj;            CN< 

1     ^^.       1     ^«. 

o;      o 

CNJ[            CNJ 

o 

CNJ 

O 

• 
CNJ 

r>»C5i        O 

.     «           . 

O  CN<          CNJ 

•     i           ' 
— ICNJ          CNJ 

00 

• 

• 

CNJ 

■  ci 

o 

o 

• 

CNJ 

1  ^ 

CNJ 

O 
csî 

CNJ, 

d  CN 

o  c 

• 

C 
O 
O 

•< 

2 

o: 
o 

UJ 

ce 

o. 

ui 

O 

ai 

o 
o 
u. 

CNJ 

d 

d 

*   1        * 
O    ;      O 

O 

O 

d 

d  i    d 

• 
o 

O  i  -^ 
O  :   o 

O 

• 

o 

IT) 

d 

vn 
d 

d 

d 

E    3.  1    • 

O 

a 

U 

o 

d 

00  ;     00 

*                   • 

o    ;      o 

CO 

d 

œ 

d 

00   ;     CO 

d  ;    d 

00 

• 

o 

00    ;     00 

d  j    d 

00 

• 

o 

CO 

d 

00 

d 

CO 

d 

00 

d 

TABL 

UJ 

^— 
•< 
o 

O}  ; 

r»- 

»  ;     a» 

o 

<NJ 

CNJ 

(M   '     ro 

CNJ  ;    <\j 

V   1 
CM  ; 

CNJ     :      CNJ 

CNJ 

(Nt    ' 

ai 

CNJ 

o 

m 

LiJ 

O 

ac 
o 

-J 

Lk. 

• 
V) 

cr 

o 

o 

• 

CSJ  <     ^^   Î     VO  1     i/)  !     CO 
—  ;     -^   ;     O  ;     O  ;     O 

"     1               •      1                •     1                *      1                • 

.  \         . 

CO  ■      in 

VO  '•     r». 

• 

o 

o 

u. 

• 

O 

• 

o 

d 

d 

o^  '     o^   <     in  «     «n  '     tn 

*  «       *  <       •  (       •  •       • 
O  ;     o   ;     o  ;     O  ;     O 

^    !         VO 
.    •             . 

o  ;     o 

9>    •       ffi 

o  ;     o 

r^  >     CO 
.  1         . 

o  ;    o 

O 
-<. 

•<. 
a: 

LkJ 

»— 

< 

o 

r». 

d 

. 
O 

r>«. 
O 

a» 

VO 

• 

o 

-H  !    >4   I     «•  !     «■  !     00 

*  1       *   1        *  1        *  1        * 
O  1     O    ;      O  ;      O   !      O 

CSI  !     «■ 

*  1        . 
O  ;     O 

r<»   ;      r». 
o  ;     o 

m  :    PO 

r».  ;    r». 

d  ;    d 

• 
O 

o 

n 

X 

z 

o 

CVJ 

. 

O 

o 

CSJ 

• 

o 

CSJ    ;       CSJ     1       CSI    ;       CSJ    !       CSJ 
*    1            .     t             *     •             .     •             . 

o  ;    o  :     o  ;    o  ;    o 

CSJ  ;    CSJ 

o  ;    o 

CSI    1        CSI 

o  ;     o 

CSJ    )       CSI 

o  :   o 

i 

O 
a: 

1^ 

CO 
d 

O 

• 

o 

o 

VO 

d 

VO 

d 

CSJ  ;    o  ;    CSJ  ;    oo  ;    oi 

VO  1    VO   •     VO  •     LD  1     m 

.  '       .  '       .  •       .  '       . 

o  :   o  ;    o  :    o  :    o 

o  ;     cyi 

VC    1       l/> 

.                  . 

o  ;    o 

VO    •        IT) 

o  1     o 

o)  ;    PT) 

tf>   ;      VO 

d  j    d 

O 

o 

O 

00 

.B4 

• 

^4 

VO 

• 

VO 

VO  I     CSJ    !     VO  1     (sj  1     in 
.  "       •   »        .  •        .  ■        . 

CSI  I     m 
.  •        . 

—  ;    o 

ir>  !     r-) 

IT)    1      IT) 

2 
O 

z 

œ 

o 
_i 

I/» 

o 

lé 

a> 

a: 

u 

« 

«a- 

GO 

• 

IT) 

• 

V   1     -^    1      O    I      CO    1      o 

VO    •      CO     •       a^    •      VO    •      00 

.    '          •     '           •    •           .J          . 

VO    I       CSJ 

m  1     o 

.  ]        . 

^^      1           9^ 

«•      1          — 

CSJ    1      CSJ 

W 

o 

o 

u 

• 

o 
o 

LD 

• 

1     ^^ 

CO 

• 
CSJ 

o 

4 
• 

CSJ 

CO  v/ 

d- 

o  a 

•       « 

—  cs 

O  •-«>        «^  I         '->>          -J          ^ 

00  m;     r».  ;      o!       id      c 
O  csj;      -H  ;       csij        H       e\ 

fsi;  O  CS 

'  o;  O  ^ 
csj;  ^H  ^ 

cs,:      c 

-<.            CS( 

csa;        cs 

o;      m 

< 

es*        -N 

1   ^    1  ~^ 
m.       tn 

e^«<       CSI 

o 
•< 

o 
-J 
z 
<^ 

1 

LU 

ce 

CL 

to 

e 

1/1 

d 

in 

m 

o 

. 
O 

CSJ 

CSI 

d 

CO  !    -N    1     a>  !     n   1     vo 

t\j  •    m   •     V  •     ^-   •    po 

*  !       *    !        *  1       *   1       * 

O   ;     O    ;      O    ;      O    ;      O 

V  1     ^ 

*                    * 

O   ;      O 

VO    1      o   1      «•   •      VO 
O   ;      O  ;      O  ;     O 

. 

w 
o 

o 

U 

LD 

d 
un 

CO 

• 

o 

CO 

• 

o 

CO  ;        ;        ;        ;   oo 
.  »        1         I        I     • 

o  ;    in   ;    to  ;    m  ;    o 
•«^  ,      .  ,       .  ,       .  .    ^ 

to    ■      — <     ■       — <    '       »^    1       if) 

•  I          !          Î          1       • 

00 

CO  ;    d 
o  ;     if) 

t            1            1 

i       i        i  * 

CO    1      CO    1      00    1      o 

o  ;     o  ;     o  ;    m 

DATE 

— 

fSI 

m 

V 

m   !    ic    I     r^  )    CO   i    œ 

O    ;     — 

tsj   1    m  ;    T  1    m 

tn 

>—  3 
<o  — • 
>  re 


c  c 
'i  "i 


X 

X 

i 

i 

>< 

>, 

^ 

^ 

•.V 

•^ 

re 

re 

•o 

•o 

« 

« 

OJ 

0) 

CT 

O) 

U1 

re 

re 

Ol 

m 

m 

3 

ai 

O 

^— 

■o 

•o 

«J 

> 

OJ 

c 

c 

o 

• 

•^ 

•^ 

c 

(. 

4-1 

•^ 

o 

re 

E 

c 

f 

•^ 

« 

o 

L. 

X 

o 

re 

>, 

£ 

i- 

f 

re 

o 

>> 

c 

t. 

F— 

•^ 

ai 

•^ 

■o 

a. 

re 

l. 

3 

Q  O  <•! 

M- 

o 

« 

O 

a. 

UJ 

O 

a: 
§ 

Lb 

o 
cr 

• 

o 

o 

u. 

• 

O 

o  , 
as 

• 

o 

• 
a» 

• 

o 

as 

• 

o 

• 

as 
as 

• 

o 

• 

00 
as 

• 

o 

• 

00 
as 

d 

• 

00 
a> 

• 

o 

en 

* 

CO 

• 

o 

• 

• 

o 

o 

• 

as 

m 

o 

en 

• 

en 

as 

d 

• 
m 

• 

O 

m 

• 

as 

• 

O 

O 

d 

* 

CO 
Ov 

• 

O 

O 

^■ 
•< 

ac 

UJ 

u. 

■< 

o 
(Ô 

o 

o 

1*» 

X 

z 

un 

• 
o 

• 

o 

o 
00 

d 

CM 

• 

o 

0\ 

• 
O 

CJ 

d 

• 
O 

CJ 

d 

CJ 

• 
O 

CJ 

• 

o 

• 
O 

CJ 

• 
O 

• 
o 

CJ 

• 

o 

91 

• 
O 

CJ 

• 
O 

to 

• 
O 

CJ 

• 

o 

• 
o 

CJ 

• 
o 

en 

p>» 

• 

o 

CJ 

• 

o 

vo 

• 

o 

CO 

• 

o 

vo 

• 

O 

o 

• 

o 

CJ 

* 

o 

vo 

• 

o 

CJ 

• 

o 

«3- 
CO 

QÎ 
UJ 

s 
o 

i 

UJ 

a 
a: 

UJ 

o 
a: 

« 

o 

a 

o 
CO 

as 

uf) 

d 

o 

o 

• 

o 

CO 

IT) 

o 

OS 

If) 

d 

o 

CO 

d 

CO 

• 

o 

CO 

• 

o 

CO 

• 

as 
en 

• 
o 

CO 

d 

00 

• 

o 

• 

o 

en 

« 

^-4 

■ 

o 

0^ 
en 

d 

o 

en 

d 

• 

m 

• 

O 

• 

«i-4 

en 
d 

vo 

• 

vo 

en 

d 
en 

CO 

en 

• 
O 

eo 

• 

o 

o 

1 

5 

O 
■< 

z 

cr 
o 
.^ 

o 

1 

CO 

o 
a. 

lé 

o 
a: 

U 

3 

w 

■ 
(0 

o 
o 

_^^ 
U 

• 

kn 

<?1 

en 

• 

1  ■>* 

o 

t— * 

LO 

• 

o 

• 
CJ 

in 

CO 

• 

en 

• 

o 

CJ 

rn 

• 

in 

• 

o 

• 

• 

o 

• 
CJ 

1  ^ 
en 

• 

CJ 

VA 
OS 

en 

CJi 

■ 

CJ 
00 

• 

o 

• 
CJ 

• 

CO 

r». 
• 

en 

1  -*» 

• 

CJ 

• 

in 

^N 
o 
cj 

m 

OS 

• 

< 

2 

• 
en 

• 

1  ^» 

• 

O 

O 

• 
CJ 

a 

1  -^ 

en 
i 

m 

CO 

ai 

en 

« 

1  '^ 
en 

i 

CJ 

m 

en 

-H 

er 

< 

CJ 

en 

CO 

en 

• 

«M 
en 
tn 

4- 

C 

o 
o 

• 

UJ 

o 

»— 
>< 

ce 

o 

(-) 

1 

UJ 

cr 
a. 

e 

S 

Q 

(NI 

• 
o 

Lf) 

• 

00 

d 

00 
CJ 

• 

O 

• 

O 

o 

• 

o 

cs 
d 
en 

CJ 

d 

00 

• 

o 
en 

—4 

• 
o 

CO 

d 
en 

CJ 

• 

o 

CO 

• 

o 

• 

O 
00 

d 

en 

• 

o 

00 

d 

• 
o 

00 

• 

o 
en 

• 

o 

• 
o 

en 

• 

00 
Cl 

• 

O 
en 

en 

O 

• 

o 

00 

d 
en 

• 

00 

o 
d 

00 

d 

d 

00 

• 

o 

en 

d 

00 

d 
en 

• 
^4 

< 

UJ 

•< 
o 

CO 

r- 

(S 

cn 

:  o 

(M 

Cs» 

CJ 

<VJ 

in 

CO 

oo 

Csl 

o 

ro 

TABLE  4 

WATER  PLANT  OPTIMIZATION  STUDY 
•^ATER  QUALITY  SUWIARY" 


06/04/87  (REV.  1) 


9 
O 

o 

0. 


cr 

< 

in 

cr 

< 


<    = 

O     Û- 


I  ■  I     JJ 


œ 
o 


O 


c 
o 

o 


CD     oo 

<     ? 


un 

(M 

CJ 

— 

(M 

UJ 

o 

^ 

CTv 

r-) 

n 

VD 

f*^ 

r--, 

„ 

CM 

o 

O 

_^ 

r^ 

CT> 

œ 

r^ 

•o- 

<o- 

CM 

CM 

«-M 

CM 

rn 

PO 

rn 

ro 

— * 

•-* 

«• 

O 

> 

CM 

o 

• 

• 

r 

in 

r^ 

o 

O 

r»* 

r»» 

«• 

«^ 

* 

O 

O 

^M 

m 

r^ 

cy> 

CD 

«■ 

V 

PO 

CM 

«^ 

•i^ 

n 

PO 

ri 

en 

-" 

•iH 

n 

O» 

►— 

—l 

-^ 

o 

o 

CM 

LD 

,M 

^H 

O 

«• 

CM 

•-^ 

in 

O 

O 

_H 

VO 

r- 

Ol 

_0D 

^■ 

«• 

fS) 

CM 

O 

^M 

m 

rr> 

o 

n 

"-< 

"" 

«3- 

r^ 

^ 

^H 

0. 

• 

• 

UJ 

CO 

a^ 

O 

O 

fn 

«■ 

m 

•-4 

m 

O 

O 

^H 

^ 

m 

in 

CO 

r-* 

«• 

V 

tM 

CM 

rn 

CM 

m 

PO 

in 

^ 

o 

a 

• 

Z3 

VO 

r>» 

o> 

0^ 

«■ 

Vft 

«■ 

«■4 

m 

O 

O 

*^ 

«• 

PO 

< 

CD 

r^ 

ro 

m 

CM 

CM 

CM 

f»5 

rn 

PO 

in 

00 

>- 

^N 

^H 

-3 

»-i 

fSI 

O 

O 

«• 

l/> 

m 

_ 

m 

O 

• 

O 

• 

VO 

p». 

Oi 

00 

«• 

W 

OJ 

CM 

O 

^H 

rn 

ri 

ro 

r-i 

-H 

^N 

m 

ro 

VO 

CO 

i^ 

-^ 

-^ 

2 

Ol 

(M 

„H 

_4 

VO 

CO 

V 

^H 

in 

O 

d 

.^ 

CM 

PO 

CTi 

CO 

CO 

^ 

«• 

CM 

CM 

w 

m 

PO 

PO 

«4 

-0 

n 

m 

"^ 

■■^ 

in 

CM 

>- 

CM 

< 

CO 

^ 

^H 

ViN 

if) 

r». 

• 

• 

2 

CO 

r** 

«• 

«• 

CM 

CM 

«■ 

^-4 

O 

m 

»-4 

O 

^ 

ro 

Ln 

^ 

«^ 

^^ 

cr 

• 

» 

a. 

< 

<NJ 

(\j 

^^ 

vH 

in 

r^ 

in 

*~4 

O 

m 

o 

^^ 

CM 

•a- 

(Ti 

CO 

^ 

^ 

CVJ 

CM 

^H 

—H 

m 

PO 

fn 

m 

"" 

"^ 

«• 

un 

q: 

^H 

f~4 

< 

o 

^^ 

^^ 

^^ 

o 

CO 

in 

«.^ 

m 

m 

d 

«M 

•^ 

^N 

CT> 

CO 

V 

«• 

m 

n 

^H 

rn 

ir> 

PO 

m 

en 

•-^ 

^^ 

•-H 

^^ 

œ 

• 

• 

UJ 

m 

CO 

r». 

r^ 

r^ 

9> 

m 

^N 

O 

O 

O 

^H 

VO 

00 

u. 

CO 

l«» 

ro 

ro 

CM 

CM 

CM 

CM 

o 

PO 

O 

m 

^^ 

*^ 

ro 

v£> 

Z 

• 

• 

< 

n 

«■ 

CO 

CO 

V 

VO 

m 

,M 

o 

m 

O 

-H 

m 

«o- 

"Î 

o^ 

CO 

CO 

rn 

CM 

CM 

m 

ri 

PO 

cr 

h- 

cr     >- 

e 

^ 

c 

¥— 

S 

h- 

cr 

>- 

cr 

*— 

cr 

^— 

^^ 

o 

CI 

^ 

u 

>- 

• 

^_ 

o 

q: 

UJ 

cr 
I/) 

3 

UJ 

X 

a 

— J 

o 

t,    -J 

-J 

—1 

_J 

1 

—1 

UJ 

< 
< 

CL 

1 

°      c 

1 

o 

1 

3 
U 

< 

U 

4- 

1 

U. 

1 

o 
o 

1 

^T 

> 

1 

^ 

1 

t— 

(-) 

•^ 

1 

1 

> 

«K 

9 

^ 

9 

m 

—J 

c 

o 

§ 

■u 

^ 

•O 

(0 

< 

^ 

^ 

m^ 

U 

U 

^ 

s 

c: 

— 

c 

«. 

\- 

a 

D 

U 

c 

UJ 

o 

Q 

o 

o 

o 

"O 

o 

■D 

2 

ji: 

p 

^ 

C 

2 

U 

UJ 

t 

o 

r 

o 

o 

o 

1 

o 

< 

< 

o 

o 

o 

u 

u. 

X 

O 
O 

a. 


C 
O 

o 


LU 

-J 
CD 

< 


o 

VC 

CT\ 

^ 

LT)   lO  t^   — 

Oi 

r«* 

CSi 

ON 

^   r^  CM  CSJ 

o 

Mi4 

O 

o 

>£> 

OO 

«C 

en 

O 

o 

»T   —  O  — 

o 

^ 

o 

LO 

LO 

ON 

(Ni 

CO 

00 

O 

O 

o 

o 

O  O  O  O 

00 

p** 

o 

— 

— 

o 

— 

-> 

_ 

O 

m 

o 

«  o  o  lo 

o 

o 

z 

^M 

LT) 

CNJ 

^^ 

r».  a>  o  LO 

VM 

r-) 

V 

■^ 

«• 

O 

o 

-M    —    -.    o 

^^ 

LO 

o 

^ 

^ 

• 

CO 

00 

-• 

— ' 

o 

o 

o  o  o  o 

00 

P^ 

o 

-" 

— ' 

1 

>— 

m 

O 

00 

«M 

U1          f»1 

p». 

<NJ 

LP> 

v£> 

o 

00 

-M        «■ 

CM 

o 

^• 

n 

o 

"^ 

rt 

00 

r». 

o 

o 

-<          CM 

"^ 

LO 

O 

o 

«• 

«• 

LO 

00 

— 

00 

OO 

M 

esj 

o 

o 

o      o 

00 

f«« 

o 

o 

MM 

— 

o 

O 

►— 

o 

O 

m 

r^ 

hO            LO 

m 

LO 

a. 

IT) 

^ 

o 

00 

00          V 

o 

o 

UJ 

^H 

-" 

m 

to 

o 

o 

CM          -N 

-^ 

LO 

o 

o 

«■ 

«• 

00 

00 

00 

O 

O 

o 

o 

o      o 

00 

^ 

o 

o 

— 

— 

o 

o 

m 

m 

LO  o  o  o 

VO 

^ 

o 

vo 

o 

00 

V  m  LO  >o 

o 

00 

lO 

3 

< 

o 

•-4 

«• 

LO 

o 

O 

ro  <*^  MM  MM 

•-< 

LO 

o 

o 

Ul 

LO 

« 

0^ 

00 

00 

o 

o 

o 

o 

O  O  O  O 

00 

r-. 

o 

o 

— 

^^ 

o 

O 

>• 

•■M 

o 

« 

o\ 

LO  o  kO  MN 

MM 

V 

-J 

o 

m 

MM 

o\ 

ON  rn  LO  CM 

o 

o 

— < 

ro 

CVJ 

-^ 

o 

o 

VM    CM    ^M    MM 

m 

kO 

o 

o 

u^ 

LO 

-5 

00 

00 

o 

O 

o 

o 

o  o  o  o 

00 

r^ 

o 

o 

^^ 

- 

LO 

LO 

, 

^^^ 

«■  r«.        r^ 

OO 

MM 

i 

\D 

f^ 

CM 

<5N 

ro  CM        -^ 

«-4 

00 

CM                     1 

eo 

3 
-5 

tn 

kO 

-^ 

o 

o 

o 

CM   CM           -M 

m 

LO 

o 

o 

lO 

LO 

o 

^ 

00 

00 

o 

o 

o 

o 

o  o      o 

00 

r*» 

o 

o 

-M 

— 

o 

O 

Lf) 

o 

CM 

VO 

o             LO 

00 

CM 

>• 

fVJ 

MM 

OO 

^         r^ 

MM 

o 

< 

v£> 

V£) 

CM 

-^ 

o 

o 

m        o 

^ 

"S- 

o 

o 

LO 

lO 

2 

00 

00 

o 

o 

o 

o 

O       o 

00 

f^. 

o 

o 

- 

MM 

Q. 

< 

VA 

r»» 

«• 

o 

vC  -M  CM  LO 

p^ 

^ 

1 

SI 

mm 

^^ 

Oi 

CM  n  «•  O» 

r-1 

o 

CM 

n               1 

^ 

(»1 

00 

^M 

o 

o 

CM 

LO 

o 

o 

LO 

LO 

^ 

r^ 

eo 

00 

o 

CM 

o 

o 

o  o  o  o 

eo 

^ 

o 

o 

— 

— 

o 

O 

S 

o 

_, 

^ 

t^ 

o  CM  -H  o 

. 

Lf) 

r«. 

CSi 

r^ 

r~  LO   Ol   CM 

*« 

• 

< 

m 

tn 

un 

CM 

O 

O 

CM  CM  -H  — < 

CM 

LO 

o 

LO 

LO 

> 

•       •      •       • 

• 

• 

CO 

00 

o 

— 

o 

O 

O  O  O  O 

00 

^ 

o 

— 

-^ 

m 

rn 

LT) 

o 

00 

00  ^^  o  o 

ON 

LO 

LkJ 

mh 

MM 

LO 

CM  kO  f^  ^o 

MM 

•M4 

o 

o 

kO 

VO 

o 

o 

^   CM  CM  -H 

CM 

\o 

o 

o 

«• 

«• 

00 

00 

O 

O 

o 

o 

O  O  O  O 

CO 

p^ 

o 

o 

— 

— 

Z 

m 

o 

, 

LO 

00  o  00  o 

LO 

vO 

Ol 

CO 

MM 

« 

r^  ^O  "^  r^ 

o 

•-N 

< 

-^ 

MM 

ro 

o 

o 

MM    MM    CM    MM 

CM 

LO 

o 

o 

«• 

^ 

-3 

• 

• 

•      •      •      • 

00 

00 

O 

o 

d 

d 

O  O  O  O 

00 

f*^ 

d 

d 

— ' 

— ' 

a: 

f— 

cr 

►— 

z 

1 

t— 

cr  q:  ^  >- 

evj  tM  Psi  CM 

OO  OO 

•       •        •        • 

OO  OO 
■  V  A   N  /s 

Z 

S 

h— 

cr 

ir 
à 

cr 

>— 

cr 

►— 

q: 

UJ 

o» 

—1 

— J 

Z 

— J 

rgonlc 
mg/L 

o 

^ 

.J 

^ 

UJ 

2 

^ 

^ 

O 
(D 

^ 

Q. 

^ 

^ 

^ 

■^ 

2 
< 
tr 
< 

0. 

1 

E 

z 

£ 

e 

1 

E 

1 

E 

«M 

E 

1 

1 

1^ 
C 

O 

c 

o 

§ 

O 

1/1 

«B 

o 

« 

o 

a 

MB 

1 

(0 

•^ 

Oi 

o» 

c 

us 

o 

(D 

o 

o 

o 

a 

10 

u 

C 

u 

t_ 

v_ 

« 

o 

^ 

C3i 

■t- 

•^ 

•^ 

o 

♦■ 

^ 

O 

^ 

^ 

» 

X 

c 

o 

^ 

3 

z 

z 

z 

Q. 

a. 

Q. 

Ln 

9 

o 

0. 


c 
o 


o 


< 


o 

p*^ 

O 

C^ 

"^ 

^ 

UJ 

«• 

«■ 

CO 

o 

fSJ 

d 

CM           "^ 

d 

o 

CM 

^H 

a 

•■^ 

~* 

fsi 

PO 

-!      CO 

O 

a^ 

> 

m 

^H 

o 

z 

-  r-) 

PO 

* 

d 

^^      "^ 

o 

o 

CVJ 

_^ 

"" 

"^ 

ve      o^ 

o 

o 

t— 

• 

CM 

u 

ro 

n 

^. 

O 

^^ 

d 

p».      f^ 

o 

o 

o 

o 

o 

"^ 

«  -  4 

esi 

m 

VO 

o 

«^ 

^^ 

so 

CM 

Û. 

• 

* 

UJ 

m 

ro 

O         — " 

o 

If)      «■ 

o 

o 

o 

o 

to 

"" 

"* 

a> 

M           VO 

o 

CO 

^■ 

^^ 

o 

• 

-  • 

if> 

D 

r-> 

PO 

O 

O 

^^ 

o 

p^        o 

o 

o 

o 

o 

< 

"" 

"* 

PO 

n 

CM           'm 

>- 

o 

«o- 

-5 

^^ 

CM 

rr) 

PO 

^ 

• 

o 

CM        m 

o 

o 

o 

o 

<x> 

'" 

"^ 

*»4 

^ 

CM 

CO 

UJ 

a> 

CM 

Oi 

Z 

• 

^ 

-5 

r^ 

•*4 

CNJ 

CO 

d 

o 

^          CM 
CM 

o 

o 

o 

o 

„^ 

o 

>- 

o^ 

CM 

< 

CNJ 

CM 

• 

• 

CM          fvj 

2 

-^ 

"" 

o 

o 

o 

o 

o 

o 

o 

0\ 

a: 

-N 

^^ 

< 

ro 

m 

CO 

o 

^ 

d 

VO        ^ 

3 

o 

o 

o 

CM 

m 

*'        P-. 

o 

in 

cr 
< 

n 

ID 

• 

CM 

d 

00 

o 

o 

o  ■ 

o 

2 

"" 

"^ 

ir> 

o 

CO 

m 

o 

-^ 

UJ 

f>j 

<M 

«4 

-1           CM 

d 

LÛ                 VD 

o 

o 

o 

o 

Ubi 

r> 

'o\ 

«0- 

-^ 

o 

o 

r 

r». 

CM 

< 

<NJ 

ro 

•-* 

d 

ÎM       n 

o 

o 

s 

o 

-3 

•>N 

-N           VO 

Ç 

(- 

S 

^ 

cr     »-      a: 

^ 

C      h- 

o: 

t- 

ce 

t- 

. 

•-« 

a: 

*■*      «i^ 

UJ 
UJ 

< 

0 

_l 

o 
1/1 

-J 

1 

-J 

•D       = 

3 

=  1 

■D 

-1 
3v 

3v 

< 

z 

1 

^ 

>. 

1 

1 

1 

1 

9 

O 

•^ 

p 

p 

^ 

on 

^ 

3 

c 

p 

O 

■o 

on 

C 

3 

•— 

5 

£ 

^ 

—J 

^ 

^ 

^ 

a 

0 

^ 

< 

P 

E 

o 

-D 

^ 

^ 

u 

h- 

3 

•D 

U 

O 

D 

o 

3 

UJ 

^ 

o 

£. 

(/5 

on 

^• 

2 

< 

o 

U 

e 

0 


o 

9 
O 

O 

a. 


u 

LU 

O 


> 
o 

z 


t\J       —         _^ 


—      o 


o  —  «NI 


—  o 


in         r^ 


Os         0^ 


O 


vo         (Nj  O         O         1/)         O         r^ 

0^ 


Q. 


CM 
CM 


m        >4         O        O        V        O 


œ 


>A  00  -4 

o»       o 


o 

< 


vO        r^  CD         o 


O         O         -4         O         O         O 


r^        fsj 
9i        0^ 


3 


CM  CM  00  VO 

-^  n        CM 


o        o        ri       o        «        o 


0^         CM 


o 
CO 


3 

-3 


^         ^  ro         o  ^' 


V         O         c^         «^ 


< 

2 


O         (M 
-N  CM 


O         -N         O         O         -* 


O       o 


ai 
a. 

< 


-«       00 
eo       m 


ro       «M       CM 


o      o 


< 
2 


fM       CM        n        ro 


O         -N         -M 


a>       o 
Oi        o 


^        o        r» 
'^        m       f^ 


tn         tfl         irt         ro         CM         CM 


VA         O 
o^        O 


< 
-5 


-«  »o 


CM  CM  — < 


VO 


CM 

O 


œ     *- 


(-      o:     >-       q:     >-      cr     »- 


a:     t- 


C 
O 

u 


o 


m 

< 


< 


M 

O 

ail. 

o 

•     "N 

«— 

1/1 

1 

—1 

-I 

-1 

i 

-i 

-J 

UJ 

o 

^ 

3 

^ 

A 

^^ 

3. 

3v 

3. 

3s 

< 
o 

X 

1 

<M 

IX, 

0. 

e 

(0 

0) 

C 

INI 

o 

LU 

> 

o 

O 
1 

V. 

1 

1 

c 

1 

-1 

c 

c 

o 

o 

O 

o 

o 

a 

c 

■o 

o» 

O 

00 

^ 

o> 

a 

o 

o 

c 

c 

(/î 

u 

>» 

o 

u 

e 

o 

^ 

^ 

o 

X 

o 

— 

—1 

2 

r>4 

Q 

a 

o 

c 
u 

o 


m 

o 

o 

a. 


C 
O 


o 


< 


u 

kO 

^ 

m 

o 

o 

ri 

— ' 

> 

o 

^ 

CM 

«^ 

CO 

r**. 

z 

^H 

• 

CO 

-'* 

- 

• 

VO 

VO 

• 

o 

• 

• 

o 

m 

m 

cg 

^ 

0. 

CVJ 

ir> 

rn 

O 

0\ 

UJ 

• 

• 

• 

• 

t/) 

-N 

CO 

lO 

CVJ 

"^ 

o 

CD 

r». 

«■ 

o 

3 

• 

• 

< 

cg 

O» 

CD 

CJ 

fvj 

>- 

_l 

•^ 

in 

«■ 

CT> 

O 

VD 

3 
-3 

d 

^^ 

in 

<-H 

CM 

00 

•■i^ 

a> 

2 

vfi 

O 

VO 

«• 

O 

• 

3 

CSJ 

o^ 

«• 

Csj 

CSI 

-5 

>- 

ro 

CT> 

vn 

CTl 

a< 

< 

• 

• 

2 

^H 

m 

ro 

"^ 

"^ 

cr 

O 

in 

CO 

-H 

_^ 

0. 

• 

• 

• 

• 

• 

< 

^H 

«• 

«• 

f\J 

CM 

ai 

m 

«■ 

^ 

CO 

VO 

< 
2 

• 

• 

V 

-< 

<•-* 

03 

«o- 

_^ 

m 

CO 

r>» 

UJ 

• 

• 

• 

• 

• 

u. 

*-< 

O 

*-4 

r». 

2 

CM 

^^ 

CvJ 

o 

r». 

< 

-5 

*H 

O^ 

d 

• 
CNJ 

• 

S 

a: 

t— 

sr 

►- 

o:     *- 

tr     t-       a:     t-       a: 

>— 

g 

o 

a, 

o 

r 

— 

"ô 

•  C 

(yi 

o 

E 

■^ 

tA 

Q 

Q 

u 

o 

œ 

o 

U 

r 

^ 

(T 

■H 

^ 

^ 

t— 

^ 

•♦- 

^- 

2 

o 

u 

1 

2 

a 

tD 

UJ 

< 

T        ->           1 

_i 

c 

-J 

< 

-J        Ë      -'        Ë      -^ 

^ 

LJ 

O 
tr 
o 

?        1         ^ 

^ 

o 

^ 

O 

cr 
o 

3^     fe     a,     1     o^ 

^ 

2 
< 
c: 
< 
a. 

E 

E 

=k 

^ 

o 

«• 

k. 

E 

UJ 

0) 

o 

(-> 

UJ 

E 

r 

£ 

u 

►— 

O 

o 

— j 

i_ 

u 

o 

< 

u 

m 

O 

^ 

^ 

>♦- 

o 

c 

c 

< 

•^ 

tJ 

O 

o 

o 

s 

œ 

c 

UJ 

Q 

l- 

u 

cr 

Oi 

Oi 

o 

o 

C 

^ 

o 

o 

o: 

>^ 

> 

Oi 

cr 

O 

Q 

3 

X 

X 

u 

3 

1- 

\~ 

z 

r 

1/1 

O 

o 

o 

a. 

m 

m 

«J 

u 

9 
O 


C 

o 
o 


o 


CO 

< 


^^ 

o 

o 

S 

LU 

o 

o 

m 

m 

o 

• 

o 

CSI 

vn 

o 

> 

n-> 

1») 

O 

ë 

o 
z 

d 

d 

VO 

IT) 

LO 

d 

f^ 

^H 

m 

"* 

^ 

« 

C\J 

o 

• 

§ 

u 

d 

d 

o 

m 

a> 

d 

o 

VO 

PO 

«• 

CM 

^ 

Q. 

irt 

r^ 

PO 

UJ 
W1 

d 

d 

m 
in 

• 

PO 

o 

o 

_^ 

00 

3 

•< 

• 
o 

o 

CO 

• 

o 

^• 

>- 
-i 

• 

o 

3 

o 

o 

o 

m^ 

«0 

d 

VO 

•^ 

>^ 

00 

CT^ 

UJ 

r 
=) 

o 

o 

r>* 

• 

•-4 

PO 

O 

n^ 

>- 

PO 

8 

< 

o 

o 

lA 

«4 

o\ 

o 

2 

«4 

Ol 

(X 

CSJ 

o 

o 

Û. 

• 

• 

< 

o 

o 

1*. 

PO 

o 

""" 

so 

CM 

cr 

m 

o 

< 
2 

o 

o 

pÔ 

CM 

• 

O 

so 

m 

ë 

Ui 

u. 

o 

o 

• 
a» 

d 

z 

PO 

§ 

< 

o 

o 

\rt 

^ 

00 

o 

"5 

V 

cr     t-        "^ 

h- 

e 

e 

cr 

»- 

^ 

^ 

u. 

2 

t 

9 

c 
o 

o 

o 

C 
O 

^ 

o 

o 

o 

o 

u. 

^ 

U. 

^ 

^ 

u. 

^ 

s 

^ 

3 

4- 

2 

U 

N. 

2 

UJ 

1  ^ 

e 

5 

C 
3 

o 

E 
u 
o 

"H 

c 

O 

o 

C 

3 
O 

UJ 

O 

o 

3 
< 

cr 
< 

0. 

o      3^ 

^ 

o 

(J 

O 

u 

c 

fl> 

^ 

^ 

a. 

< 

^ 

ir 

^ 

^ 

S 

^ 

u 

< 

UJ 

o 

o 

"O 

o 

►- 

►— 

o 

u 

u 

a 

u 

^ 

S 

< 

o 

UJ 

^ 

o 

UJ 

s 

^ 

^ 

^ 

^ 

^ 

o 

c 

H- 

o 

o 

c 

< 

o 

■♦- 

o 

u 

X 

•^ 

o 

Q 

Ul 

•^^ 

o 

£ 

< 

< 

o 

o 

■^ 

<r 

o 

H- 

a. 

o 

cr 

►- 

u. 

</î 

h- 

►— 

9 
O 

o 


C 

o 
o 


o 


< 


1 

o 

«■ 

U 

UJ 

• 

O 

o 

o 

o 

o 

> 

o 

« 

z 

o 

o 

o 

a> 

tn 

K- 

o 

u 

• 

o 

o 

o 

o 

H- 

m 

0. 
LU 

o 

Ul 

d 

ro 

o 

<*> 

Z3 

O 

< 

d 

>- 

—1 

o 

Z) 

\o 

-5 

o 

d 

00 

Oi 

•-H 

LU 

z 

-5 

o 

o 

CM 

d 

o 

CM 

>- 

o\ 

< 

o 

2 

o 

d 

o 

o 

cr 

» 

CL 

• 

< 

o 

o 

o 

o 

o 

cr 

< 

• 

. 

z 

o 

o 

o 

o 

CD 

uu 

o 

• 

u. 

o 

o 

o 

o 

o 

z 

< 

• 

-3 

o 

o 

o 

>- 

*— 

h- 

t 

u. 

2 

U. 

9 

c 

_J 

2 

_J 

^ 

o 
o 

E 

w. 

E 

g 

u. 

o 

— 

— 

(T 

u 

2 

o 

o 
o 
o 
o 

Q. 

V 

•*- 

UJ 
UJ 

< 
< 

q: 

LU 

E 
u 
o 

•*- 

c 

D 

o 
u 

o 

c 

D 

o 
u 

c 
J 
o 
u 

< 

^ 

a. 

9 

Ï 

•^ 

i. 

o 

•o 

^ 

O 

o 

1- 

l/l 

UJ 

o 

^mm 

^ 

•o 

^~ 

< 

o 

c 

O 

LU 

o 

o 

o 

a: 

s 

^- 

© 

•- 

u. 

UO 

u. 

« 

o 
a. 


>• 
< 


3 

< 
LU 

>- 
I 


I 

> 


ai 
o 


O 


CQ    o 


iTi 

CM 

1 

o 

UJ 

• 

• 

o 

CSJ 

m 

«M 

o 

ir> 

CO 

LO 

f-^ 

o 

»M 

o 

«^ 

m 

LfS 

o% 

CD 

«■ 

«■ 

CM 

CM 

«■ 

«■ 

PO 

tri 

!-n 

> 

m 

^ 

o 

. 

• 

z 

m^ 

o 

o 

Ov 

^ 

LfS 

m 

•-N 

o 

m 

O 

•■^ 

CM 

O 

^ 

CO 

^ 

m 

CM 

CM 

(M 

rn 

f-1 

PO 

PO 

m 

OS 

t— 

vN 

o 

o 

<M 

VD 

ON 

o> 

«■ 

VO 

ir> 

_^ 

«n 

O 

• 

O 

• 

V 

CM 

O^ 

00 

(n 

m 

CM 

CM 

ro 

PO 

PO 

ro 

m 

PO 

-^ 

-H 

^ 

m 

m 

Q. 

^^ 

o 

• 

UJ 

LO 

^ 

CO 

CO 

r* 

O 

IT) 

«^ 

^ 

00 

o 

M^ 

^^ 

O 

VI 

CO 

^ 

f»l 

m 

CM 

rn 

CM 

n 

PO 

PO 

m 

^ 

o 

^^ 

^^ 

3 

•-^ 

o\ 

os 

os 

* 

r** 

iD 

,^ 

_4 

CM 

O 

^ 

CM 

.^ 

< 

os 

r». 

o 

m 

CM 

CM 

r> 

CM 
PO 

en 

ro 

>- 

m 

ir> 

^H 

CSJ 

^ 

• 

• 

3 
-3 

^ 

^N 

•-< 

O 

^ 

<o 

irt 

^M 

O 

ON 

O 

m 

PO 

os 

CO 

V 

V 

CM 

CM 

CM 

CM 

PO 

PO 

CO 

PO 

^M 

M^ 

Ln 

CO 

m 

o> 

a^ 

UJ 

•■4 

«■-1 

«-H 

z 

3 

_H 

in 

ON 

o 

ir> 

CO 

in 

_^ 

_^ 

^ 

d 

• 

PO 

CM 

o> 

35 

PO 

^ 

CM 

CM 

CM 

CM 

PO 

PO 

-3 

rn 

n 

— 

V 

C-5 

> 

CM 

< 

« 

00 

o 

os 

os 

ON 

m 

^H 

ON 

«•4 

* 

2 

00 

^ 

^ 

rn 

CM 

CM 

m 
m 

o 

"^ 

PO 

^ 

00 

cr 

a. 

< 

PO 

o 

o 

O 

o 

00 

m 

,^ 

ON 

m 

d 

• 

« 

«• 

o> 

CO 

»T 

V 

n 

CM 

•-< 

t\j 

PO 

ro 

(-S 

PO 

—4 

^^ 

V 

00 

ai 

»-* 

-; 

- 

< 
2 

os 

os 

O 

ON 

o> 

CM 

«• 

,H 

m 

00 

o 

.^ 

p^ 

O 

CO 

r-*. 

«• 

m 

CM 

f-1 

CM 

CM 

PO 

PO 

m 

ir> 

— 

«• 

CM 

a 

CM 

Ul 

u. 

« 

r*. 

O 

ON 

CM 

O 

V 

_ 

<NJ 

O 

o 

^H 

«■ 

CM 

CO 

r^ 

«■ 

r-j 

rs 

(»S 

O 

^ 

PO 

ro 

PO 

PO 

-^ 

— « 

^ 

OS 

z 

, 

"^ 

~; 

< 

0^ 

O 

«M 

O 

r^ 

CM 

m 

^H 

PO 

ON 

o 

^^ 

PO 

CM 

-3 

CO 

00 

V 

V 

rO 

V 

PO 

pn 

ro 

ro 

o: 

^ 

az     h- 

s 

►— 

S 

h- 

œ. 

h- 

S 

h- 

cr 

t— 

ft 

)— 

<ii> 

O 

ai 

£ 
o 

u 

>- 

• 

^. 

o 

q: 

UJ 

IX 

X 

-J 

N   Toto 
mg/L 

Ca 

—1 

-J 

_i 

u 

1 

_l 

< 
< 

a. 

2 

> 

£ 

1 

1 

1 

3 

o 

< 

3 

>N 

•t- 

1 

u. 

1 

ï 

ô 
o 

t— 

Ï 

U 

•^ 

( 

1 

> 

^ 

o 

"^ 

(D 

<fl 

— j 

c 

O 

c 

■o 

^ 

•O 

M 

< 

^ 

^ 

5 

V. 

O 

m 

a, 

— 

c 

_ 

u 

3 

3 

U 

c 

Ul 

o 

Q 

o 

o 

O 

■O 

O 

•o 

z 

^ 

^ 

c 

D 

u 

UJ 

■^ 

— 

o 

r. 

o 

o 

o 

O 

< 

< 

<J 

u 

CJ 

u 

u. 

O 

o 

o 

o. 


c 
o 
u 


o 

LU 

es 

< 


U 

LU 

n 

o 

LD 

rn 

r»». 

o      ^ 

o 

^■ 

c^ 

O 

in 

VD       m 

o 

o 

«• 

CSI 

CD 

(\j 

O 

o 

O       o 

CM 

VO 

o 

VD 

in 

00 

œ 

œ 

O 

O 

o 

o 

o       o 

00 

p«.> 

o 

-M 

-< 

o 

•> 

00 

ro 

VO 

00 

m  CM  VO  CO 

CM 

o 

VC 

>£> 

Ol 

^^  V  r^  r^ 

o 

z 

rn 

(\j 

m 

-™ 

o 

o 

CM   CM  -H  — 

<— ' 

VO 

o 

m 

m 

eo 

00 

rvj 

O 

o 

o 

o  o  o  o 

00 

p««* 

o 

— 

— 

u 

00 

VO 

V 

V 

eo  VO  vo  m 

CM 

PO 

00 

r*. 

w^m 

a> 

m  r^  «•  VO 

O 

O 

ff> 

ro 

^H 

O 

o 

o 

CM  — «  O  O 

CM 

SD 

o 

O 

m 

in 

P>» 

o 

• 

• 

• 

00 

00 

tvi 

O 

d 

d 

ààôà 

00 

P>» 

d 

d 

-^ 

•H 

o 

H- 

r«. 

CM 

«4 

in 

f».          CM 

00 

CM 

Q. 

00 

r*. 

CM 

CD 

VO             -H 

o 

O 

LlJ 

"^ 

o 

C\J 

V 

O 

O 

m        ro 

ro 

m 

o 

O 

in 

«a- 

«/) 

00 

00 

- 

o 

o 

O 

O       o 

00 

r^ 

o 

o 

- 

- 

o 

rn 

9> 

00 

CO          CM 

VO 

O 

^ 

o» 

CJ 

o 

Oi          CM 

o 

o 

=) 

cg 

o 

ro 

O 

O 

*-* 

O            -H 

o 

* 

o 

«■ 

«• 

œ 

<. 

00 

00 

O 

o 

o 

o 

o      o 

C3 

p~. 

o 

- 

- 

o 

> 

CVJ 

<£> 

00 

CM 

— »  «•  ro  f^ 

o 

VO 

no 

o 

m  O  m  en 

«■ 

^ 

pg 

pg 

• 

o 

• 

"^  '^'^  "^ 

"^ 

PO 

- 

VO 

• 

VO 

LD 

-3 

CO 

œ 

-^ 

O 

o 

d 

O  S  O  3 

CO 

r^ 

"^ 

-^ 

on 

CT^ 

UJ 

VO 

LD 

<M 

<\j 

r>.  CO  CO  — 

7- 

00 

>o 

f\J 

VO 

ro  PO  CO  O 

VO 

7î 

ID 

r») 

«T 

«• 

o 

o 

ro  rsi  pj  CM 

^N 

^ 

m 

in 

f>» 

-5 

00 

00 

O 

O 

• 

o 

o 

o  o  o  o 

eo 

f^ 

-. 

— 

o 

(M 

CT> 

^ 

o 

CM  m  m  TT 

œ 

. 

< 

2 

^ 

fSJ 

If) 

o 

in  -M  V  O 

o 

tVJ 

iD 

«■ 

tsi 

o 

CM  en  -N  ro 

PO 

^ 

o 

m 

m 

CO 

00 

O 

o 

o 

o 

O  O  O  O 

CO 

r^ 

o 

«iH 

— 

C 

CO 

PD 

«• 

r«. 

PO  CO  Ol  'Xl 

«• 

CM 

o^ 

00 

(*) 

Os 

f^  00  r*^  >* 

o 

o 

VO 

U. 

^■ 

LO 

«4 

o 

O 

^^  r^  •H  CM 

CM 

«3- 

o 

o 

m 

m 

eo 

< 

• 

• 

• 

• 

>     •     •     ■ 

• 

• 

• 

CO 

CO 

Ps) 

O 

o 

o 

O  O  O  O 

CO 

p". 

o 

o 

«^ 

»H 

o 

o 

CO 

o 

o 

o   00  PO  ^ 

VO 

o 

cr 

<y\ 

«r 

«• 

o 

r-~  00  CM  CM 

o 

^N 

- 

< 

•^ 

CT> 

<£> 

n 

o 

-.  O  —  O 

-^ 

PO 

o 

o 

in 

m 

^ 

00 

^ 

o 

O 

o 

o 

O  O  O  O 

00 

r««* 

o 

o 

- 

-< 

CSJ 

VO 

(M 

VO 

o  CM  m  VO 

VO 

UJ 

c^ 

VD 

ro 

r^ 

CM  in  CO  PO 

o 

VO 

UJ 

<N] 

fS) 

tVJ 

n 

O 

O 

«■   CM  -H  CM 

CM 

«• 

o 

^- 

m 

00 

00 

00 

o 

O 

o 

O 

o  o  o  o 

00 

r^ 

o 

- 

•-4 

o 

ro 

ro 

VO 

O 

O  œ  —  VO 

o 

r 

o^ 

^ 

CM 

CM 

CTs  ^r  VD  PO 

< 

ir> 

in 

"^ 

<M 

o 

^^ 

—  ^  o  o 

CM 

^ 

o 

in 

in 

-a 

CD 

CO 

O 

O 

O 

O 

o  O  O  O 

CO 

r^ 

o 

- 

*^ 

cr 

t— 

cr 

H- 

a. 

•— 

(T  cr  )-  »- 

cr 

h- 

(r 

cr 

cr 

t-       cr     t-           1 

(MPg  CM  CM 

oooo 

• 

a. 

OOOO 

• 

4- 

(0 

3 

2 

,  V  A    V   A 

1 

z 

^ 

•n 

u. 

a. 

UJ 

o 

_i 

_J 

Z 
Z 

_J 

rganlc 
mg/L 

o 

— > 

-j 

-J 

UJ 

2 

r> 

^ 

>). 

Q. 

>). 

ï£ 

>^ 

^ 

3 
< 

< 

Q. 

1 

E 

z 

Ë 

E 

1 

E 

! 

E 

.^     Ê 

Ll. 

o 

O                    1 

£ 

1 

o 

C 

- 

3 

C 

c 

^ 

2 

i/î                    1 

^ 

o 

c 

o 

o 

«M 

m 

■♦- 

c» 

o 

r 

09 

0 

9 

o 

o 

o 

a 

«0 

o 

c 

u 

u 

u 

in 

O 

- 

Oi 

•♦- 

■^ 

■^ 

O 

•^ 

» 

o 

^ 

•^ 

^ 

I 

r 

o 

— 

2 

z 

z 

z 

0. 

Q. 

CL 

1/1               1 

E 

PsJ 

o 

• 

o 
/\ 

c 
o 


z» 

E 

(S) 

o 
o 

V 


o 
o 


c 
» 
o 

(0 


tr 


« 

o 
a. 


C 
o 
o 


o 


< 


' — j 

o 

00 

^• 

CM 

U 

V£> 

UJ 

^- 

rn 

« 

^ 

o 

—         CM 

o 

o 

o 

" 

"^ 

CM 

n-)        r^ 

o 

o 

> 
o 

(M 

rn 

CM 

O 

2        '^ 

o 

o 

z 

^^ 

^^ 

en 

c^ 

►- 

9< 

CM 

o 

-«          VO 

o 

f*) 

CO 

CM 

d 

d 

O)        Ol 

o 

o 

h— 

o 

CM 

Q. 

f»i 

m 

CO 

UJ 

«• 

fn 

^^ 

o 

00      o 

o 

o 

(/) 

"* 

CT> 

o 

V 

3 

rt 

<*) 

V 

<r 

VO 

V 

♦ 

d 

O         >A 

o 

o 

< 

•^ 

CM 

CM 

-    _. 

>- 

O 

CO 

CM 

_j 

• 

.o 

3 

^ 

«• 

v4 

d 

^         «0- 

o 

o 

-5 

"■ 

" 

o^ 

o 

«• 

CO 

UJ 

r 
n 

-5 

«3- 

^ 

CM 

CM 

CM 

d 

—        v£> 

o 

o 

o 

_H 

CM 

ni 

> 

u) 

< 

^ 

^ 

••4 

d 

-     = 

o 

o 

2 

" 

"" 

O 

ro 

cr 

CM 

?S) 

0. 

< 

• 

• 

—      o 

T 

«a- 

O 

^ 

O 

r-) 

3 

o 

3 

PO 

a: 

m 

CM 

V 

- 

< 
2 

LO 

^ 

d 

2    - 

o 

o 

o 

f^ 

ca 

UJ 

r-l 

-^ 

If)        CO 

kO 

If) 

0^ 

o 

CM 

d 

CO      c 

3 

o 

•-* 

^H 

(NI 

o 

"^ 

CSJ 

O 

in 

1 

r 

r^ 

-^ 

V      rt 

< 

^ 

If) 

^^ 

d 

•O          CM 

m 

o 

-5 

■^ 

*^         «-N 

œ 

h- 

cr 

^ 

e 

H- 

cr 

►— 

œ     t- 

cr     1-       cr 

)— 

■ 

q: 

-^        CM 

UJ 

^ 

V 

—J 

-1 

""'        ■—-J 

-i 

-J 

UJ 

b 

o 

> 

"^ 

3 

=     1 

T5    1    <b 

^ 

2 

0 

E 

Ê 

E 

i^ 

3v 

cr 

< 

Q. 

z 

1 

"■• 

>» 

1 

1 

1 

1 

9 

o 

•^ 

g 

g 

^ 

00 

^ 

5 

^ 

3 

g 

O 

T3 

00 

c 

2 

,— 

T 

z. 

^ 

_i 

^ 

E 

_ 

Q. 

O 

Ô 

< 

i 

E 

o 

T3 

•^ 

l- 

►— 

J 

•u 

u 

O 

3 

O 

3 

LlJ 

•^ 

o 

^ 

00 

on 

2 

< 

o 

u 

i 

o 

o 

0. 


c 
o 


o 

■ 


< 


LU 
O 

ro 

^     o 

(NI 

o 

o 

OD 

o 

o 

o 

-* 

•^ 

CM 

o 

— ^ 

> 

o 

z 

~       P;   o 

o 

o 

m 

o 

Ov 

«• 

• 

in 

o 
o 

"^ 

o 

o 

o 

•a- 

t^ 

CM 

O             r~.       ^ 

o 

o 

<\i 

o 

0^ 

a> 

o 

"^ 

V 

CL 

VO 

o 

o 

(NJ 

o 

00 

o 

00 

»> 

VI 

m 

"^ 

e> 

eo 

m 

o 

3 

vo 

o          S     '- 

o 

o 

r^ 

o 

r^ 

^^ 

vo 

m 

n 

< 

^^ 

'^ 

CT> 

o^ 

> 

—1 
3 

«■ 

o 

o 

PO 

o 

O 

o    . 

o 

o 

o 

o 

-5 

HM 

mm 

to 

CO 

OS 

LU 

2 

r*^ 

1^               ^         1*. 

^ 

o 

in 

o 

mm 

o 

r». 

n 

Z) 

C\J 

CD 

— « 

C^ 

ir> 

-5 

> 

< 

2 

O 

;^     2   2 

o 

o 

o 

» 

O 

^ 

0-. 

^^ 

«■ 

Oi 

c^ 

a: 

Q. 

o» 

î^     S   ^ 

mm 

o 

in 

vo 

vo 

mm 

< 

(NJ 

^H 

—4 

mm 

tr 
< 

iTt 

PO 

o 

o 

00 

2 

C\J 

^^ 

Ol 

CJ^ 

«• 

ffi 

LU 

«• 

1^      vo    — 

o 

o 

m 

evj 

vo 

CO 

^. 

CO 

«M 

u. 

O) 

(y. 

z 
< 

-5 

CD 

-      §    î^ 

o 

o 

m 

CT> 

CM 

Ln 

Ln 

^^ 

Oi 

9t 

e 

t-           en        >- 

a: 

t- 

e 

^ 

cr 

H- 

q: 

<VI 

O 
(J 

»— 

q: 

• 
C 

LU 

«4 

—1              -J 

_l 

i 

-1 

-J 

UJ 

I/) 

c 

_j 

\m 

o 

^^     ^ 

^ 

^ 

^ 

00 

< 

•D 

^ 

V/1 

< 
< 

Q. 

D 

^r      ^ 

=k 

1 

3x 

=k 

X 

E 

CM 

.V 

o 

O 

o 

e 

^ 

e 

c 

o 

1 

u. 

a. 

10 

e 

ISI 

LU 

> 

S 

( 

u 

1 

1 

c 

1 

—J 

c 

c 

s 

o 

O 

o 

œ 

Û 

C 

"D 

CT 

O 

LO 

il) 

o> 

a 

0 

O 

c 

c 

00 

u 

>. 

o 

u 

C 

o 

^ 

^ 

o 

X 

o 

_j 

2 

rj 

o 

u 

O 

<0 

o 


e 

a 

a. 


C 

o 


o 

UJ 

— J 
m 

< 


u 

VO 

00 

VO 

„ 

a^ 

UJ 

O 

— 

iC 

>A 

CM 

— 

> 

r»* 

m 

00 

O 

a» 

o 

« 

• 

• 

2 

O 

<o 

r» 

CM 

^ 

r^ 

o 

VO 

00 

00 

(_> 

O 

C\J 

00 

^^ 

^^ 

O 

H- 

0. 

tn 

O 

mm^ 

ff» 

kr> 

UJ 

• 

• 

• 

• 

• 

to 

t\j 

O 

r». 

^^ 

CM 

XD 

\r> 

00 

^ 

-^ 

o 

• 

• 

3 

d 

d 

00 

CM 

CM 

< 

•>^ 

> 
-J 

CVl 

VO 

» 

9> 

• 

3 

-5 

^M 

00 

r«* 

"^ 

in 

UJ 

r«. 

a> 

«M 

eo 

r^ 

CO 

Z 

• 

• 

Ov 

3 

O 

Lf) 

VO 

^^ 

•M 

~" 

-5 

>- 

œ 

eo 

V 

un 

^ 

< 
2 

rsi 

O 

in 

V 

CM 

a. 

r^ 

00 

rn 

3 

o% 

Q. 

d 

^^ 

m 

CM 

^^ 

< 

r«» 

ro 

>£ 

eyv 

r-* 

- 

S 

* 

• 

< 

O 

CT> 

Lfl 

•^ 

•«N 

2 

CSJ 

CM 

^^ 

o-) 

^O 

es 

Ul 

^H 

d 

VO 

^M 

^H 

Lu 

m 

«M 

r»i 

r». 

^ 

z 

• 

• 

• 

• 

• 

< 

^H 

O 

VO 

•■^ 

•^ 

-5 

C 

e 

(- 

E 

►— 

q:     t- 

cr     1- 

CE       t- 

œ 

t— 

£ 

o 

C 

o 

^ 

o 

O 

r 

O 

.    c 

C 

1/1 

o 

E 

i/i 

o 

o 

U 

o 

(D 

O 

U 

r 

r 

UJ 

r. 

h- 

•• 

•^ 

■^ 

r 

CD        ^          Û 

-J 

1 

C 

^ 

z 
< 

-•       £     ^ 

£       — ' 

_J 

UJ 

< 

cr 
o 

^        1          1 

E 

o 
o 

1 

s 
o 

^             ~              ^              s 

^ 

^ 

< 

a. 

UJ 

O 

<£i 

U 

UJ 

E 

^ 

n 

u 

►— 

Q 

a 

_l 

i. 

u 

o 

< 

o 

o 

o 

^    ■ 

■o 

<^ 

O 

C 

c 

< 

•^ 

"O 

o 

O 

o 

ID 

ID 

c 

UJ 

Q 

Q 

u 

v_ 

X 

C? 

o> 

o 

o 

E 

£ 

o 

o 

a: 

>^ 

>« 

Oi 

q: 

O 

O 

^ 

^ 

3 

X 

X 

u 

3 

u 

V. 

r 

r 

1/1 

O 

o 

o 

a. 

ffi 

m 

u 

u 

o 

« 
o 
o 


C 
O 

u 


o 


CD 

< 


1 

VD 

Lf) 

O 

O 

o 

O 

VC 

00 

d 

r^ 

> 

o 

MM 

O 

r 

o 

O 

t\J 

r^ 

«• 

O 

^H 

VO 

r^ 

d 

VO 

— " 

m 

O 

r^ 

^ 

O 

u 

o 

O 

O 

f^ 

•-N 

o 

ro 

*>« 

r^ 

d 

««4 

►— 

ro 

«M 

Q. 

• 

o 

UJ 
U1 

o 

o 

CM 

V 

^^ 

«O 

«■ 
V 

d 

00 

o 

r» 

«• 

3 

> 

o 

< 

o 

o 

eo 

O^ 

fn 

r- 

CM 

d 

r** 

>•, 

CVJ 

^ 

^ 

VO 

o 

=) 

• 

" 

-3 

o 

o 

p«. 

CM 

O 

d 

ir> 

«■ 

m 

CO 

r» 

a^ 

UJ 

«-4 

OS 

mh 

"^ 

Z 

d 

o 

VO 

d 

Ol 

O 

^^ 

■^ 

d 

>- 

-. 

m 

< 

o 

o 

m 

d 

_M 

S 

"^ 

m 

o 

os 

V 

o 

m 

Ql 

O 

Q. 

o 

o 

m 

ni 

m 

< 

esj 

CSJ 

—4 

d 

PO 

CSl 

cr 

O 

o . 

•< 

2 

o 

o 

•4 

fVI 

CO 

d 

tft 

«• 

t\J 

ui 

—M 

O 

2 

CD 
UJ 

o 

o 

VO 

cvj 

Ov 

S 

u. 

CM 

■-i^ 

ro 

d 

CM 

z 

o 

O 

< 

"5 

o 

o 

IT) 

^ 

m 

d 

>£> 

^ 

Ov 

m 

(T       •-          K 

*— 

(T 

CE 

cr 

h- 

^ 

^ 

u. 

2 

t 

C 

o 

o 
o 

O 

O 

C 
O 

^ 

o 
o 

L^ 

"" 

u. 

^ 

■^ 

u. 

^ 

S 

^ 

2 

V 

^ 

2 

"s 

t- 

u 

V 

2 

•t- 

UJ 

^- 

UJ 

2 
< 

< 

0. 

—1 

u 
o 

c 

3 
O 

u 

E 

o 

•H 

o 

o 

o 

c 

O 

o 

(T 
UJ 

E 
u 
O 

c 

3 
O 

u 

c 

s 

— 

— 

Q. 

< 

— 

^ 

cr 

^ 

^ 

Z 

^ 

i. 

< 

UJ 

o 

o 

■D 

O 

^- 

w 

t— 

o 

u 

U 

a 

U 

^ 

a: 

< 

O 

UJ 

^ 

•o 

UJ 

X 

^ 

^ 

■o 

H- 

^ 

O 

c 

^ 

0 

o 

c 

< 

0 

^ 

o 

(_> 

X 

■^ 

o 

o 

UJ 

■^ 

O 

r 

< 

< 

o 

» 

■f- 

Œ 

o 

►- 

Q. 

m 

a: 

t— 

u. 

1/1 

»— 

o 
o 

0. 


c 
o 


o 

UJ 

-J 
CD 

< 


U 

CO 

UJ 

^^ 

O 

d 

o 

> 

00 

o 

z 

o 

d 

^ 

o 

o 

CSJ 

o 

o 

csj 

c 

^- 

CL 

^N 

UJ 

{>J 

(/I 

o 

d 

iS 

00 

CSJ 

3 

O 

< 

d 

d 

>- 

_J 

00 

3 

"^ 

• 

LT) 

-5 

o 

d 

o 

00 
0^ 

UJ 

(M 

p-^ 

Z 

-3 

o 

d 

>- 

IT) 

< 

rn 

2 

o 

o 

a: 

a. 

O 

< 

o 

O 

q: 

n 

• 

< 

vo 

2 

o 

d 

03 

^ 

Ul 

u. 

o 

o 

o 

z 

fVJ 

< 

00 

-5 

o 

d 

o 

►— 

U. 

^ 

.^ 

E 
O 

o 

2 

u. 

•o 

4- 

c 

^ 

2 

(0 

£ 

c 
o 

u. 

3 
O 

— 

3 

o 

- 

S 

u 

2 

\ 

•^ 

u 

\ 

•^ 

o 
o 
u 
o 

a 

N. 

UJ 

>— 

UJ 

2 
< 

cr 

< 

Q. 

a: 

UJ 

£ 
o 

c 

o 
u 

C 
D 

o 
u 

c 

3 
O 

u 

< 

^ 

Q. 

o 

s 

— 

u 

o 

■o 

•^ 

a 

u 

L. 

</1 

uJ 

O 

t— 

^ 

•a 

MM 

< 

o 

c 

o 

UJ 

o 

o 

o 

a: 

<D 

■+• 

« 

>- 

u. 

U1 

u. 

o 

o 
a. 


>- 
cr 

< 


3 

ce 

< 

UJ 

>- 
I 


cr  k 

UJ  -; 

<  • 

»  -I 
OC 

"  o 

<=  § 

V  o 


CD    o 


«■ 

œ 

O 

-" 

— ' 

LJ 

tsi 

ro 

CSI 

a> 

^H 

TT 

in 

•— < 

m 

MM 

o 

_^ 

VD 

ro 

O 

cr 

00 

«■ 

m 

ro 

m 

ro 

ro 

ro 

ro 

«■ 

Oi 

> 

— * 

^M 

o 

z 

^ 

CM 

00 

00 

CD 

a> 

m 

_ 

_^ 

O 

o 

_^ 

ro 

CM 

3^ 

00 

ro 

ro 

CM 

CM 

O 

f) 

ro 

ro 

PO 

«■ 

ro 

►— 

. 

. 

o 

^H 

«^ 

p^ 

00 

00 

ff> 

«• 

^i^ 

O 

CM 

o 

M^ 

VD 

CM 

o 

31 

00 

m 

ro 

CM 

CM 

ro 
ro 

CM 
ro 

ro 

ro 

^ 

«^ 

►- 

^^ 

^H 

û. 

• 

• 

LU 

CO 

Ol 

00 

r^ 

0\ 

O» 

ro 

^^ 

uo 

o 

o 

M^ 

VD 

ro 

CO 

r*. 

n 

m 

CVJ 

CM 

CM 

ro 

ro 

ro 

ro 

-^ 

-* 

-<s- 

t--4 

*-< 

Mi4 

o 

• 

• 

3 
< 

CVJ 

oo 

O 

w 

00 

00 

ro 

^4 

CM 

in 

o 

MM 

p*.* 

uo 

Ol 

03 

V 

n 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

^H 

^H 

>- 

V 

r^ 

•^ 

O 

3 

n 

^^ 

00 

p^ 

CO 

a> 

r-) 

^N 

CM 

m 

d 

•-H 

^ 

CM 

-î 

<^^ 

CO 

r-) 

fn 

CM 

CM 

ro 
ro 

ro 

ro 

ro 

V 

V£> 

^■ 

LU 

» 

03 

2 

« 

CT\ 

3 

-5 

in 

^ 

00 

CO 

\a 

00 

rn 

^H 

O 

in 

o 

d 

V£> 

^ 

«-4 

CTv 

00 

ro 

rn 

CM 

CM 

CM 

tn 

ro 

ro 

ro 

ro 

-" 

— 

V 

o 

> 

»-4 

cr> 

< 

r^ 

en 

00 

00 

r^ 

_H 

rn 

^H 

uo 

O 

d 

d 

CM 

^ 

00 

f>» 

tD 

en 

CM 

m 

ro 

^ 

ro 

ro 

ro 

ro 

— 

— 

m 

r^ 

(T 

-^ 

00 

0. 

Oi 

O 

O 

^M 

^ 

00 

ro 

^-< 

Lf) 

m 

d 

d 

CM 

or 

< 

CO 

00 

V 

^ 

r-> 

ro 

ro 

ro 

"3- 

ro 

ro 

ro 

«■ 

00 

00 

o: 

• 

• 

< 

<c 

oo 

o 

O 

0\ 

Ov 

ro 

«^ 

CM 

O 

o 

o 

«■■ 

«■ 

Z 

00 

r** 

^ 

«• 

CM 

CM 

UO 

VO 

ro 

ro 

ro 

ro 

-* 

•-4 

^ 

m 

^^4 

00 

œ 

, 

UJ 

00 

00 

o^ 

00 

O 

CM 

«• 

»>H 

O 

p>. 

O 

d 

VD 

^ 

u. 

tn 

r». 

rr 

n 

n 

n 

»3- 

ro 

CM 
f*1 

ro 

ro 

«• 

ro 

z 

. 

^M 

cri 

< 

-3 

«■ 

CO 

o 

O 

•ji 

(O 

ro 

.4 

ro 

o\ 

d 

d 

ro 

CM 

Ol 

os 

«• 

«0- 

pg 

CM 

O 

O 

ro 

ro 

ro 

ro 

^^ 

^M 

e 

►- 

01       »- 

cr 

t- 

a. 

t— 

a: 

t- 

cr 

H- 

tr 

t- 

t— 

«« 

O 

œ 

1 

u 

>- 

• 

^^ 

o 

a: 

UJ 

_J 

N   Tota 
mg/L 

Ca 

— J 

— J 

—1 

u 

1 

-J 

< 
tr 

< 

Q. 

3 

LU 

a 

£ 

1 

u 

1 

3 

u 

< 

3 

U 

> 

K 

u. 

e 

o 

E 

X 

> 

1 

^ 

1 

h- 

u 

•^ 

1 

1 

> 

* 

w> 

e 

^ 

o 

w 

-J 

c 

o 

§ 

•D 

•h- 

■D 

(0 

< 

av 

L 

o 

œ 

tr 

^ 

C 

u 

D 

3 

U 

c 

LU 

o 

2 

o 

o 

O 

•O 

o 

■D 

2 

^ 

^ 

C 

3 

1- 

LU 

- 

o 

r 

O 

o 

O 

O 

< 

< 

u 

u 

u 

u 

U. 

X 

fs» 

o 

o 

0. 


C 
o 
o 


o 

bJ 

—I 
QD 

< 


, 

o 

o 

^■ 

fSJ 

kO 

—   —   CTv  CM 

«M 

UJ 

O 

o> 

m 

ro 

o 

O  p*»  r^  — ^ 

o 

m 

VO 

1^ 

rn 

<NI 

O 

CM   CM   CM   •-* 

"^ 

in 

d 

V 

V 

VO 

f*".. 

00 

d 

d 

d 

d 

o  d  o  o 

CD 

r*«* 

-^ 

-^ 

d 

> 

r*» 

CV) 

o 

m 

r^  r^  m  ^• 

o 

o 

LO 

p^ 

CM 

o 

CM  «•  a^  ^• 

o 

z 

•^ 

"^ 

• 

VO 

=5 

• 

CM  ^   O   CM 

"^ 

«■ 

d 

m 

m 

CO 

00 

o 

d 

d 

o 

d  d  o  o 

CO 

^» 

-" 

-" 

^ 

m 

«• 

CO 

r^ 

O  (^  CM  V 

^N 

u 

o 

CO 

CTl 

ri 

CO 

«  «M  r-i  W 

o 

CM 

ri 

1*» 

w 

Psi 

O 

o 

CM  CM  •-«  «4 

^^ 

«• 

o 

m 

»<■ 

m 

• 

CO 

CO 

o 

O 

o 

o 

o  o  o  o 

CO 

p^ 

d 

— 

-" 

o 

►— 

n 

Lf) 

« 

m 

n  ir>  en  VO 

po 

a. 

CSJ 

o 

o 

("T)    _   „«    CVj 

LU 

m 

fVJ 

•-4 

o 

»N  CM  -<  ro 

» 

m 

o 

ir> 

^ 

iA 

CO 

CO 

o 

o 

o 

o 

O  O  O  O 

r«» 

p»^ 

d 

-^ 

-* 

VO 

O 

CO 

o 

^ 

«• 

O         O 

o 

pg 

w 

CM 

vr>       ir> 

o 

0^ 

3 

ir> 

(1 

—< 

^H 

o 

M^ 

CM        —< 

9\ 

V 

• 

^ 

«• 

p^ 

< 

• 

• 

• 

• 

• 

•          • 

• 

• 

o 

• 

• 

• 

r». 

r>» 

O 

o 

d 

o 

o      o 

r». 

p». 

"' 

■^ 

O 

> 

o 

o 

^ 

CM 

00  ON  r».  VO 

•-• 

3 

>o 

n 

m 

O) 

0^  CO  VO  CT) 

«^ 

U-) 

VO 

CM 

o 

o 

O  CM  O  -< 

O 

«• 

.   o 

• 

^ 

V 

-5 

r^ 

r^ 

d 

d 

d 

d 

Ô  ÔÔ  Ô 

d 

p*^ 

d 

-^ 

-* 

kr> 

m 

CT) 

VO 

r^  lO  f^  -N 

CO 

UJ 

M« 

CO 

rn 

en 

to  CM  cf)  rn 

CO 

CT^ 

Z 

« 

(Ji 

U-) 

f-i 

O 

o 

CM  en  CM  n 

•^ 

«■ 

^ 

VO 

VO 

*-* 

3 

• 

• 

• 

•     •     •     • 

• 

• 

o 

• 

• 

-3 

o> 

O^ 

o 

o 

O 

d 

o  o  o  o 

CO 

p^ 

^ 

"^ 

o 

LO 

un 

•-N 

CM 

n  VO  O  J»» 

o 

> 

00 

CO 

CM 

CO 

CO  r**.  rsi  O^ 

(-1 

< 

o 

3^ 

o 

o 

O 

o 

^M    CM    C*l    CM 

CM 

m 

o 

m 

^ 

2 

d 

CT> 

d 

d 

d 

d 

d  d  d  d 

d 

p^ 

d 

— 

— 

Lf) 

o 

^ 

w 

00   O  O-   CO 

01 

CO 

<N] 

CM 

V 

CM  ^  CO  CO 

o 

Ov 

<M 

« 

CM 

o 

o 

CM   1~1  PO  o 

p^ 

^ 

m 

m 

CM 

a^ 

a. 

• 

•    •    •    • 

• 

o 

< 

a^ 

CT> 

o 

d 

d 

d 

o  o  o  o 

CO 

p^ 

o 

■^ 

■" 

d 

o 

in 

CM 

(^^ 

O           CM 

00 

00 

^■ 

CM 

^ 

r^         O 

CM 

cr 

< 
2 

fSJ 

o> 

ro 

CM 

o 

o 

»T        r-) 

— " 

m 

o 

^ 

If) 

' 

CO 

r*» 

d 

d 

d 

d 

d      o 

d 

p^ 

d 

-• 

— 

p^ 

m 

m 

ro 

O          vO 

O) 

ffi 

^ 

«• 

CM 

m 

0^        o 

CM 

00 

M 

VO 

ro 

n 

o 

o 

—           CM 

— ^ 

VO 

o 

^ 

O 

UJ 

• 

• 

• 

• 

a 

Ll. 

o^ 

<y\ 

o 

d 

d 

d 

d      d 

CO 

p^ 

o 

■^ 

■^ 

^^                            ( 

00 

Lf> 

f» 

CO 

n        O) 

V 

2 

00 

in 

o 

U-) 

O        tn 

^N 

< 

r«* 

9> 

>o 

n 

o 

o 

— <           CM 

CM 

VO 

o 

m 

m 

-3 

9\ 

d 

d 

d 

d 

d 

d      d 

d 

^ 

d 

- 

-^ 

a. 

»— 

cr 

►- 

cr 

1- 

cr  Œ  1-  »- 

cr 

^ 

a: 

S 

►-       cr     f-            ! 

CM  CM  «M  CM 

OO  O  O 

«          •           •           • 

OO  o  o 

^ 

z 

«V  A    V   A 

z 

o 

« 

»— 

q: 

UJ 

Ot 

^ 

—1 

X 

z 

— i 

o     -< 

-j 

^ 

UJ 

2 

■^ 

■^ 

o 

I. 

^ 

a.     "^      ^ 

"è. 

■^ 

PARAM 

1 

t 

z 

£ 

E 

,       E 

1 

E 

CM         E 

Ife 

o 

o 

f 

1 

c 

c 

« 

§ 

iA 

•» 

o 

o 

« 

o 

^ 

1 

U} 

■^ 

Oi 

o 

r 

(0 

D 

(D 

o 

o 

o 

a 

10 

U 

C 

u 

u 

V. 

(0 

o 

m 

— 

o» 

+- 

•^ 

■^ 

o 

•t- 

- 

" 

o 

^ 

^ 

X 

r. 

o 

— 

2 

z 

2 

z 

0. 

a. 

a. 

1/1 

o 

0. 


c 
o 
o 


o 


m 

< 


o 

r— 

VD 

^^ 

U 

• 

UJ 

ID 

r*.* 

VD 

«M 

O 

On    m 

o 

o 

a 

"* 

CM 

r^   — « 

in 

&\ 

> 

o^ 

• 

o 

ro 

rn 

O 

O 

00   O 

• 

o 

o 

z 

"" 

"^ 

00    CM 

Ni 

CO 

CM 

H- 

• 

O 

cvj 

CvJ 

O 

r^    d 

O 

CM    O 

o 

o 

o 

"" 

^H 

m 

*    O» 

O 

_^ 

^^ 

•-4 

CM 

Q. 

oo 

CM 

^N 

d 

9t        » 

o 

o 

UJ 

^^ 

^H 

-N    0\ 

00 

O 

^ 

O 

CM 

CM 

3 

CNJ 

e\j 

» 

^ 

d 

«•   m 

o 

o 

< 

^-4 

^^ 

CM 

ID   <n 

O 

VO 

>■ 

o 

CM 

—1 

• 

• 

3 

ro 

ro 

«— « 

O 

.CM  a> 

o 

o 

-0 

•-4 

•-H 

VO    -H 

"S- 

^H 

o 

.4 

CD 

LJ 

CM 

CTi 

CM 

r-) 

«s- 

• 

^-4 

• 
O 

r».   00 

o 

o 

—H 

•—4 

(-5 

^   O 

"0 

-H     ^4 

o 

«■ 

«-. 

CM 

CM 

^^ 

>- 

• 

■  .  ■ 

< 

rn 

ro 

^H 

O 

O  •«• 

o 

o 

2 

^N 

"" 

m  CM 

r^ 

CM 

q: 

• 

• 

û_ 

ro 

^• 

in 

^H 

O 

VO   CD 

o 

o 

< 

«■H 

CM 

m   ro 

O 

m 

cr 

m 

CM 

" 

< 
2 

w 

«• 

O    CM 

d 

9<   VO 

o 

o 

^M 

^H 

o 

00   lf> 

rvj 

O 

V 

,«, 

m 

m 

n 

>«4 

Ui 

if> 

^ 

CM 

• 

CM 

• 
O 

tn  r^ 

o 

o 

Lu 

"^ 

n 

If)  p^ 

ro 

lO 

_» 

Z 

eo 

CM 

^^ 

< 

ro 

^ 

d 

d 

n  if) 

o 

o 

-3 

^^ 

^^ 

f».  VO 

cr 

»- 

S 

>— 

cr  »-   cr 

^• 

tr  t- 

cr 

t- 

cr 

►— 

«~   CM 

Œ 

^N   ^i.^ 

UJ 

— J 

^ 

-J 

-J 

"^       ^ 

-J 

-J 

LU 

< 

o 

1 

o 

1 

(0  S 

k 

3 

=   1 

^ 

^ 

o 

3v 

ai 

< 

Q. 

z 

1 

^ 

1 

1 

^ 

>» 

1 

1 

e 

O 

^ 

P 

p 

^ 

i/) 

^ 

3 

c 

3 

c 

o 

■D 

to 

c 

5 

•» 

3 

r 

^ 

—1 

«* 

E 

— . 

a 

O 

S 

< 

P 

E 

o 

■D 

^ 

U 

f— 

5 

•O 

u 

O 

3 

o 

3 

LU 

"" 

O 

xz 

t/1 

00 

t— 

t— 

2 

< 

u 

u 

ai 


« 

o 
a. 


c 
o 
o 


m 

< 


u 

UJ 

■^ 

o 

VO 

o 

o 

o 

r*. 

»^ 

r*. 

^ 

r*^ 

o 

o 

CM 

CM 

a> 

a> 

> 

o 

IT) 

CM 

O^ 

CM 

o 

o 

ir> 

r^ 

CM 

tn 

œ 

f". 

z 

T 

a> 

o^ 

VO 

H- 

• 

o 

o 

•^ 

'£> 

<r 

o 

o 

o 

« 

•— « 

IT) 

O 

1/1 

a^ 

tn 

tn 

C3S 

k/) 

" 

CT> 

a^ 

^ 

0. 

o 

OO 

rr) 

eo 

o 

o 

(D 

lA 

r». 

_H 

00 

V 

UJ 

CM 

O 

^ 

^^ 

a> 

o^ 

00 

CM 

< 

P» 

•-* 

«• 

«r 

_ 

3 

V 

<») 

«• 

f^ 

un 

CM 

œ 

CM 

<y. 

o^ 

>- 

_J 

IT) 

CO 

r«* 

V 

o 

J 

VO 

CM 

■^ 

^H 

o 

«■ 

3 

^ 

O 

CM 

, 

o 

oi 

-3 

^^ 

^^ 

UJ 

^ 

z 

o 

Ol 

O 

O 

o 

O 

CM 

o 

^H 

,«^ 

o 

VO 

CO 

3 

-^ 

r^ 

o 

CT< 

o> 

-3 

•^ 

>- 
< 

un 

<M 

O 

o 

=) 

o 

to 

rt 

LO 

CM 

o 

m 

2 

fO 

o 

3^ 

Q. 

< 

in 

^O 

IT) 

o 

o 

o 

LD 

rn 

rn 

^- 

CO 

in 

CM 

^ 

" 

Si 

CO 

o: 

rvj 

- 

< 

<y\ 

rn 

«• 

o 

o 

o 

tn 

^ 

lO 

r** 

r^ 

0^ 

CO 

2 

^H 

CM 

«a- 

CT> 

CO 

IB 

CM 

^ 

^ 

CM 

o 

o 

CM 

ro 

^ 

un 

UJ 

r^ 

eg 

Ol 

's> 

kk 

Z 

^ 

^ 

9\ 

W 

o 

n 

^ 

O 

•^ 

m 

< 

'^ 

— H 

«r 

«• 

<yi 

a> 

-5 

tr 

t— 

a: 

t— 

a: 

>— 

a: 

^— 

CC 

►— 

M 

O 

o 

h— 

□: 

• 
C 

e 

— 

1/1 

UJ 
1/1 

1 

u 

-1 

-1 

_l 

i 

_J 

^ 

X 

o 

-J 

O 

uJ 

< 
cr 
< 
a. 

3 

2s 

^ 

3s 

^ 

^ 

^ 

^ 

3v 

1/1 

< 

t 

O 

1/1 

t 

<D 

^ 

o 

c 

a 

r 

u. 

a. 

10 

INI 

UJ 

a 

1 

o 

> 

U 

1 

1 

c 

1 

—1 

c 

c 

o 

o 

O 

o 

<s 

a 

C 

■o 

o> 

o 

ul 

£i 

o> 

a 

O 

o 

c 

c 

1/1 

l_ 

>. 

o 

u 

c 

o 

^ 

^ 

O 

X 

o 

■■* 

-J 

2 

r«j 

O 

U 

o 

1 

r- 

u 

fSJ 

m 

r^ 

0^ 

o 

O 

o 

«^ 

CT< 

e^ 

"" 

CM 

m 

> 

e 

9 

o 

z 

CM 

00 

o 

CM 

O 
CM 

O 
0. 

H- 

LD 

r-) 

r~ 

<o- 

o 

• 

o 

d 

CO 

VO 

"^ 

"^ 

>— 

r». 

o 

O 

00 

00 

Q. 

• 

UJ 

O 

d 

d 

v^ 

^H 

to 

'^ 

"* 

o 

CO 

ir> 

00 

a> 

w 

3 

• 

• 

< 

o 

ID 

w 

^^ 

^-< 

>- 
_l 

r» 

in 

\o 

00 

=) 

d 

vc 

vo 

*^ 

• 

-3 

UJ 

2 

LD 

VO 

o 

^■ 

o 

• 

• 

• 

CO 

en 

-5 

o 

00 

vn 

>- 
< 
2 

ro 

Csl 

00 

vo 

(T 

r^ 

«• 

vo 

Q. 

• 

< 

^H 

00 

IT) 

q: 

CSJ 

in 

PO 

. 

< 

• 

• 

• 

2 

•-* 

m 

«• 

m 

fn 

to 

o 

UJ 

• 

u. 

o 

r^ 

ID 

z 

o 

r^ 

VO 

< 

" 

• 

• 

-5 

^^ 

r^ 

^ 

cc 

CC 

t- 

c 

H- 

q:     k 

cr     1-      Œ     t-       q: 

t— 

«» 

■D 

• 

^ 

£ 

o 

^ 

d) 

o 

^ 

o 

o 

C 

r 

^ 

o 

c 

c 

«1 

o 

E 

*- 

to 

o 

D 

o 

o 

o 

s 

o 

u 

r. 

r 

o 

UJ 

■M 

WÊm 

r 

>— 

»" 

■*- 

4- 

2 
< 

?        - 

V 

-J 

I 

c 

^ 

z 
< 

— J        P     — >        S^     — ' 

—1 

■• 

O 

cr 
o 

E    >     - 

^ 

o 

n 

^ 

^     o     3^      1      ^ 

^ 

2 
< 
q: 
< 
a. 

s    ^ 

o 

E 

E 

O 

=k 

o 

t 

Ê 

o 

— 

L. 

E 

UJ 

© 

o 

(-) 

UJ 

E 

r. 

ri 

u 

^ 

^• 

o 

o 

—J 

1- 

u 

o 

< 

o 

cs 

o 

•» 

•D 

■^ 

o 

c 

c 

< 

•»- 

•D 

O 

o 

UJ 

o 

œ 

s 

c 

UJ 

Q 

L. 

I. 

_J 

Œ 

Oi 

o> 

0 

o 

£ 

^ 

o 

o 

a 

cr 

> 

> 

CT 

d 

o 

O 

< 

3 

X 

X 

k. 

D 

U 

u 

r 

z 

1/1 

o 

o 

o 

Q. 

m 

CD 

o 

o 

o 


c 
o 


ffi 

< 


o 

S>' 

u 

3 

Ld 

o 

o 

vo 

r» 

(-1 

Q 

00 

CM 

r«^ 

d 

tn 

"^ 

> 

o 

^ 

O 

o 

o 

r»i 

00 

tM 

o 

• 

z 

«VJ 
CSi 

™* 

V 

o 

o 

V£ 

o 

o 

* 

• 

«o 

f^ 

O 

• 

o 

eo 

CM 

«■ 

o 

h- 

00 

2 

o. 

o 

o 

to 

in 

M 

o 

• 

UJ 

^ 

VO 

o 

I/) 

< 

o 

o 

o 

en 

• 

o 

8 

m 

eo 

d 

>- 

m 

—1 

a 

• 

=> 

o 

o 

r». 

o 

r». 

o 

-5 

"^ 

UJ 

n 

(->. 

o 

* 

2 

• 

W 

CO 

3 

o 

o 

O 

o 

0^ 

• 

> 

- 

^ 

o 

< 
2 

o 

o 

CM 

d 

a^ 

"^ 

S 

^ 

• 

§ 

a. 

o 

o 

eg 

••^ 

a» 

o 

< 

0\ 

«• 

^ 

«A 

q: 

a 

• 

< 

o 

o 

00 

VO 

«• 

o- 

2 

ro 

in 

UJ 

o 

CM 

• 

o 

V 

o 

• 

fO 

o 

u. 

m 

ID 

d 

' 

^^ 

; 

Z 

• 

o 

• 

< 

o 

o 

O» 

CM 

r^ 

-5 

r^ 

f^ 

•-H 

uo 

o 

or  t—   (^ 

>— 

ir 

an 

(T 

^ 

t 

t 

u. 
2 

t 

c 
o 

o 

o 

C 

o 

t 

O 

■ 

o 

o 

o 

u. 

"" 

u. 

^ 

■^ 

u. 

^ 

S 

•^ 

3 

V 

•^ 

2 

u 

N. 

2 

UJ 

^■ 

u 

2 
< 

< 

a. 

p   — ' 
O   2^ 

-1 

3, 

E 
o 

c 

o 
o 

E 
o 

c 

o 
o 

0 

c 

O 

IT 
UJ 

1— 

E 
u 
o 

i 

o 

u 

£ 

. 

^ 

^ 

Q. 

< 

— 

cr 

^ 

^ 

X 

^ 

u 

< 

UJ 

o 

o 

■o 

o 

H- 

^m 

h— 

o 

u 

U 

Q 

u 

•^ 

a. 

< 

o 

UJ 

^ 

o 

UJ 

X 

^ 

^ 

"D 

h- 

0 

c 

o 

o 

C 

< 

o 

a> 

o 

s 

•^ 

o 

o 

UJ 

•»- 

i 

o 

C 

< 

< 

o 

o 

^ 

a: 

o 

a. 

m 

cr 

H- 

u. 

00 

(— 

i 

9 
O 

a. 


C 
O 


o 

UJ 

-J 
m 

< 


^ 

o 

CNJ 

UJ 

• 

o 

o 

O 

o 

vo 

> 

LT) 

o 

z 

o 

o 

^^ 

h- 

«— » 

u 
o 

o 

d 

h- 

CM 

Q. 

^N 

UJ 

o 

• 

1/1 

O 

•-H 

O 

O 

3 

< 

d 

d 

>- 

_ 

—1 

^ 

3 

-3 

o 

d 

• 

«a- 

00 

LU 

2 

-5 

o 

o 
in 

d 

o 

r~. 

>- 

ro 

LO 

< 

• 

• 

2 

O 

o 

t^ 

ai 

-^ 

CL 

< 

o 

d 

cr 

00 

. 

< 

Z 

o 

d 

o 

UJ 

o 

u. 

o 

d 

o 

^H 

z 

CM 

< 

-3 

d 

(— 

►— 

1— 

_ 

-J 
E 

u. 

2 

u. 

■D 

C 

_l 

s 

_1 

i. 

O 

o 

E 

10 

E 

C 
O 

u. 

3 
O 

— 

3 

u 

— 

ai 

u 

2 

\ 

^ 

O 

\ 

^ 

o 
o 
o 
o 

Û. 

X 

•^ 

UJ 
r  - 
I'd 

3 
< 

< 

CL 

UJ 

E 
o 

c 

3 
O 

0) 

■»- 
0 

c 

3 
O 
O 

c 

3 

o 
u 

< 

^ 

Q. 

s 

£ 

^ 

u 

o 

•O 

•^ 

Q 

c_) 

l_ 

Ol 

UJ 

O 

t— 

^ 

•o 

^ 

< 

O 

c 

o 

UJ 

o 

o 

u 

cr 

o 

♦- 

o 

f— 

u. 

1/1 

u. 

o 
o 

o 

a. 


>- 
< 


3 

a: 

< 

UJ 

>- 

I 


I 


<  i 


< 


a: 

o 


o 

o 


CD    ^ 


^ 

CM 

6 

— _ 

> 

—1 

_H 

en 

e^ 

C?l 

o 

m 

_H 

tfi 

CM 

O 

^ 

LO 

«• 

< 

c^ 

00 

1^ 

rn 

CVJ 

m 

CM 
ri 

r-) 
r-) 

m 

rn 

«• 

m 

• 

00 

c 

• 

«■ 

vo 

r^ 

^" 

r** 

Lf) 

\£> 

^^ 

«M 

^^ 

9\ 

o 

o 

CM 

CM 

CO 

i 

00 

f^ 

r-) 

n 

C\J 

OJ 

O 

O 

m 

m 

Oi 

rn 

o 

•-4 

»M 

"^ 

m 

a> 

X 

-^ 

^ 

o 

2 

LD 

CO 

CM 

_^ 

^ 

00 

«• 

„H 

CM 

O 

d 

M 

r^ 

CTv 

a\ 

CO 

"  «• 

«■ 

ri 

o 

IT) 

IC 

rn 

rn 

r-) 

rn 

■^ 

"^ 

in 

r^ 

• 

O 

• 

• 

> 

O 

o 

O 

»» 

00 

o> 

ir> 

^^ 

r^ 

O 

O 

«-4 

«• 

m 

< 

o» 

00 

^ 

n 

e\j 

CM 

PO 

rn 
rn 

m 

m 

«• 

m 

c 

• 

O 

in 

i 

If) 

V 

CO 

CO 

«• 

LO 

V 

,.4 

«^ 

m 

O 

^^ 

«^ 

MM 

eo 

CD 

r^ 

m 

n 

fSJ 

CM 

^ 

en 

m 

a^ 

m 

en 

v« 

•>« 

m 

m 

• 

CM 

X 

. 

o 

rn 

\D 

^^ 

o 

r«»* 

CM 

ir> 

M^ 

O 

»^ 

O 

^^ 

^* 

IC 

2 

a^ 

CO 

V 

^ 

m 

^ 

m 

rn 

m 

«■ 

r^ 

çj 

"^ 

"^ 

> 
< 

o 

.M 

O 

o 

LO 

^ 

«• 

,M 

iTt 

f-M 

d 

_I 

«• 

m 

ff^ 

00 

«r 

V 

CM 

CM 

^m 

CM 

m 

rn 

m 

m 

"* 

"" 

CM 

tn 

. 

• 

o 

c 

. 

. 

eo 

^ 

LT) 

VA 

1^ 

r-* 

r-) 

^ 

CM 

^^ 

ir> 

o 

O 

^4 

«M 

^^ 

^^ 

2 

ce 

r^ 

f>-> 

rn 

«M 

CM 

O 

rn 

m 

*^ 

rn 

rn 

—H 

^ 

m 

CM 

X 

^ 

CM 

o 

2 

LD 

r^ 

m 

ro 

O 

00 

m 

„ 

in 

O 

d 

• 

r^ 

c^ 

J) 

00 

«■ 

V 

rn 

ro 

^ 

m 

rn 

rn 

en 

rn 

"" 

"^ 

a: 

^■ 

cr     t-       a. 

»— 

C 

^ 

cr 

H- 

S 

1- 

s. 

H- 

a: 

H- 

m 

... 

O 

ffi 

V 

O 

>- 

^^ 

o 

cr 

œ 

1/1 

2 

UJ 

V 

o 

o 

UJ 

z 
a 

-J 

N   Toi 
mg/L 

Co 

^ 

_l 

O 

—1 

^^ 

-J 

PARAMET 

1 

O 

E 

3 

u 

< 

3 
U 

1 

u. 

1 

o 
o 

1 

X 

> 

1 

1 

1 

> 

' 

>— 

.. 

o 

»• 

0 

(0 

_i 

c 

O 

p 

•o 

^ 

•D 

10 

< 

^ 

5 

i_ 

O 

^ 

s 

ce 

^ 

c 

_ 

k. 

D 

D 

l. 

c 

UJ 

o 

o 

u 

o 

O 

"D 

O 

•D 

2 

J£ 

c 

^ 

C 

D 

u 

UJ 

o 

r 

O 

O 

O 

' 

O 

< 

< 

o 

o 

o 

u 

u. 

X 

1 

O 
O 


c 
o 


LlI 

m 

< 


CM 

^■ 

LT) 

r-) 

CT>  r».  n  CM 

1 

1 
o 

O» 

> 

•-^ 

00 

(M 

CO 

00  -«  o  (^ 

\o 

00 

V 

CNJ 

O 

O 

— «  Pn  CM  CM 

" 

lO 

LO 

^ 

00 

< 

cô 

CO 

d 

d 

o 

d 

àô  ô  ô 

00 

r» 

■" 

" 

o 

LO 

1/^ 

p^ 

0^ 

00  tO  P^  00 

C 

00 

03 

o 

^• 

(ji  — <  <r>  00 

CM 

^ 

•^ 

to 

ro 

o 

O 

o 

O 

o  CM  o  o 

0^ 

^ 

«■ 

CM 

VO 

CO 

ai 

2 

r^ 

r«» 

d 

d 

d 

• 

O 

àô  ô  ô 

r». 

^ 

- 

• 

d 

n 

CM 

CT> 

V 

r»  o  «•  -^ 

X 

00 

r^ 

ro 

LO  r>  00  PO 

-O^'^' 

o 

2 

O 

^ 

o^ 

VO 

O 

-; 

CM  ^  n  ro 

CM 

VO 

• 

LO 

• 

VO 

■^ 

d 

d 

d 

d 

d 

d 

d  d  d  d 

00 

r». 

^^ 

"* 

— « 

^H 

^N 

^ 

r^ 

00 

CV4 

lO  f*«  o  VO 

LO 

CM 

6 

> 
< 

^ 

vO 

CVJ 

O» 

V  —  lO  V 

o 

O 

^ 

PO 

<M 

o 

CM 

o 

O 

(M  PO  -4  «4 

CM 

«• 

o 

O 

tr> 

LO 

00 

• 

00 

00 

• 

O 

d 

d 

d  d  d  d 

00 

r>» 

o 

d 

"^ 

•■^ 

o 

PO 

VO 

PO 

p** 

o  00  VD  V 

c 

o> 

r». 

o 

m 

LO  00  «■  PVJ 

VO 

—4 

o% 

O 

o 

O 

o  o  o  o 

O 

PO 

V 

«• 

r^ 

un 

CO 

i 

cô 

f*. 

d 

d 

• 

o 

d 

d  d  d  o 

00 

r» 

o 

o 

-^ 

-< 

O 

Ol 

00 

CM 

«■ 

o 

r^  00  CM  ^O 

o 

o 

• 

VO 

(«« 

tn 

CM 

VO  ^  --  r~- 

•-N 

— < 

LO 

X 

ir> 

lO 

rn 

• 

O 

• 

LO  ^   fO  CM 

PO 

• 

VO 

o 

• 

o 

LO 

LO 

00 

^ 

00 

00 

CVJ 

O 

d 

O 

ô  ô  à  :=! 

00 

r^ 

o 

o 

•~4 

o 

r^ 

«■ 

«• 

«■ 

o  CO  PO  LO 

^ 

00 

6» 

^^ 

m 

00 

r-»  -H  «■  PO 

^H 

o 

PO 

PO 

> 

n 

ro 

r^ 

00 

o 

o 

CM  CM  —<  -H 

CM 

LO 

o 

o 

LO 

LO 

LO 

CO 

< 

00 

00 

d 

d 

d 

d 

ô  à  O  ô 

00 

P^ 

d 

d 

^^ 

•^ 

d 

d 

- 

LD 

vO 

ir> 

00 

LO  —  r~  LO 

•-^ 

PVJ 

c: 

r^ 

O 

LO 

— »  PO   CM   lO 

o 

o 

00 

CM 

O 

O 

^^ 

o 

o 

o 

-<  -^  o  o 

o 

^ 

o 

o 

T 

«3- 

o 

^ 

CO 

2 

CD 

00 

O 

d 

o 

d 

dodo 

00 

r^ 

d 

d 

— ' 

— < 

o 

d 

CTï 

»^ 

kT) 

o 

ro 

a» 

LO   O    O    LO 

r- 

LO 

X 

li^ 

VO 

CM 

9\ 

^  PO  r~  Oi 

PO 

•—4 

^^ 

o 

« 

00 

CO 

r^ 

O 

o 

^-  PO  CM  — 

«• 

VO 

o 

o 

LO 

VO 

ai 

CM 

^ 

CO 

00 

eg 

CM 

O 

d 

à  es  à  à 

00 

r^ 

d 

d 

•^ 

^H 

o 

^^ 

cr. 

K- 

œ 

H- 

o: 

K' 

q:  tr  t-  1- 

tM  CM  CM  CM 
OO  O  O 

œ 

►— 

ir 

d. 

cr 

^ 

CE 

H- 

•          •           •           • 

OO  O  O 

• 

z 

,v  A  V  /v 

1 

Z 

— 

m 

t 

u. 

C3> 

2 

—t 

—1 

X 
Z 

—1 

o 

c     -' 

o 

-1 

_i 

—1 

UJ 

■^ 

^ 

■^ 

o     ? 

o 

Q. 

^ 

^ 

^ 

^ 

2 
< 

CE 

1 

^ 

z 
1 

E 

^ 

1 
O 

^ 

1 

£ 

o 

E 

Q. 

C 

c 

4- 

3 

V-0 

^ 

(S 

<D 

o 

o 

^ 

1 

UJ 

o> 

Oi 

r. 

10 

o 

(S 

o 

O 

o 

Q. 

(0 

O 

c 

\~ 

l. 

u 

10 

o 

~- 

o> 

■♦- 

o 

+• 

"^ 

0 

•V 

^ 

^ 

X 

s: 

o 

^ 

3 

2 

2 

2 

û. 

Q. 

û. 

00 

1 

o 
o 


c 

O 
U 


UJ 

_) 

CD 

< 


o 

«■ 

6> 

V 

CM 

> 

n 

n 

0^ 

e^ 

^ 

d 

■«•   s; 

o 

o 

< 

CM 

cy> 

1^   <y 

ft 

PO 

r^ 

V 

c 

CO 

wH 

00 

• 

<n 

i 

<M 

t\j 

LO 

r^ 

o 

O 

o 

o 

p-< 

•-^ 

^H 

CM 

a\ 

^H 

o 

W 

X 

1/) 

ro 

— "" 

o 

to 

P». 

rr 

O 

CM 

d 

"^    ts 

o 

o 

2 

" 

ro 

o 

CM 

V    2 

o 

v£> 

■ 

o 

CM 

o> 

> 

«o- 

^ 

CO 

p^ 

CM 

d 

5   2 

CM       -* 

o 

o 

< 

^H 

CM 

o 

rn 

m 

m 

c 

a» 

^4 

00 

■ 

0^ 

i 

(NJ 

n 

VC 

O 

3 

o 

i?       ? 

o 

o 

M 

o 

CM 

O 

V 

« 

ir> 

f*5 

X 

o 

VD 

un 

o 

«3- 

^ 

d 

CO       ^o 

m 

o 

2 

o 

CM 

-     2 

o 

o 

Ô 

V£> 

CM 

ro 

CM 

> 

ro 

rn 

CO 

O 

«^ 

_^ 

d 

'^    S 

o 

o 

d 

d 

< 

<Nl 

m 

c^ 

o^     œ 

1 

f^ 

- 

• 

CTl 

MH 

c 

• 

• 

li^       tf> 

<X) 

fSJ 

(SJ 

P^ 

CO 

o 

o 

o 

to           <T 

o 

=! 

o 

o 

CO 

2 

— H 

-H 

<\J 

C\J 

0^ 

o\ 

•— * 

^H 

o 

m 

X 

o^ 

CM 

«■ 

o 

2 

«• 

ir> 

o 

_^ 

.^ 

CM 

d 

O           ff> 

d 

o 

cv 

_H 

MM 

r-) 

ro 

»> 

CM          IT) 

f^          ^M 

Œ. 

^^ 

S 

^ 

er 

^ 

tr 

^^ 

cr     t- 

CM 

c 

H- 

X. 

H- 

a: 

«^ 

Ui 

—J 

^ 

—1 

—1 

<-'               —J 

_l 

_l 

o 

> 

3 
^ 

=     1 

^ 

^ 

2 
< 
q: 

< 

Q. 

O 

E 

E 

E 

u. 

3s 

3. 

z 

1 

o 

> 

1 

' 

1 

c 

0 

^ 

in 

c 

5 

•» 

5 

^ 

^ 

—J 

— 

^ 

E 

_i 

a 

0 

£1 

< 

E 

E 

o 

T3 

^ 

^ 

3 

T3 

c 

O 

D 

o 

w 

UJ 

— 

O 

/— 

on 

00 

^• 

2 

< 

O 

G 

c 


o 

O 

a. 


c 
o 


UJ 

< 


o> 

^ 

> 

^o 

< 

VO 

o 

•-4 

M 

O 

o 

«■ 

n 

UO 

VO 

VO 

00 

00 

• 

c 

VO 

2 

(M 

fSJ 

O 

o 

O 

o 

„4 

o 

p^ 

o 

LT) 

^^ 

in 

<n 

a» 

CO 

• 

X 

tM 

o 

e^ 

■ 

• 

2 

O 
csj 

o 

O 

*^ 

r». 

r». 

tn 

p». 

o 
o 

1»» 

• 

o 

> 
< 

O 

esi 

V 

r*. 

O 

^ 

eo 

rt 

VO 

tn 

r^ 

r». 

VO 

Od 

*-4 

a> 

^^ 

o» 

o^ 

"^ 

U1 

œ 

c 

ir> 

o^ 

^ 

• 

2 

V 

O 

r-* 

O 

O 

o 

CSJ 

O 

o 

o 

vO 

ON 

CO 

• 

X 

^ 

0 

2 

O 

VO 

VO 

(M 

•-4 

to 

tn 

VO 

,^ 

^ 

• 

o 

CSl 

«a- 

rn 

o 

^ 

«—4 

^H 

^^ 

^H 

o 

o 

«■ 

"^ 

"^ 

• 

r». 

> 

• 

< 

CM 

ri 

o 

o 

CM 

V 

CSJ 

ro 

tn 

CO 

Ov 

VO 

- 

00 

c 

to 

0^ 

• 

^H 

2 

rn 

o 

00 

O 

O 

o 

•«4 

o 

o 

O 

«3- 

(-1 

CSJ 

O^ 

a> 

i 

00 

u 

2 

O 
•-< 

m 

•J3 

CM 
CSJ 

«o 

m 

o 

PO 

r^ 

CSJ 

—4 

VO 

VO 

o 

ON 

o 

(T 

h- 

œ 

►— 

s 

t— 

cr 

cr 

►— 

N 

o 
u 

t— 

q: 

• 
C 

^^ 

^^ 

a: 

UJ 

-1 

^^ 

-1 

-1 

i 

-i 

_l 

UJ 

t/1 

1 

—1 

o 

^ 

^ 

^ 

^ 

^ 

< 

"^ 

l/l 

2 
< 
q: 

< 

Q. 

3 

as 

=k 

av 

1 

a. 

a^ 

X 

E 

«M 

.n: 

O 

o 

o 

o 

£i 

o 

c 

o 

1 

Lk, 

O. 

(0 

M 

UJ 

o 

1 

(D 

> 

i- 

1 

1 

C 

1 

— 1 

c 

c 

o 

o 

o 

o 

<B 

Q. 

c 

■D 

at 

u 

l/l 

i3 

Oi 

a 

o 

O 

c 

c 

00 

1- 

>< 

o 

u 

O 

o 

•• 

o 

X 

u 

"" 

— i 

2 

M 

O 

o 

o 

m 

9 

O 
Q. 


c 
o 
u 


_J 
CD 

< 


O 

CTi 

cr. 

^ 

cy> 

CD 

> 
< 

O 

r^ 

iX> 

"" 

"" 

• 

C 

n 

in 

VO 

r*- 

«■ 

«■ 

^ 

• 

• 

• 

• 

CO 

2 

O 

LO 

«■ 

^^ 

^N 

a\ 

*^ 

• 

X 

r^ 

O 

o 

O 

o 

o 

2 

_J 

♦ 

o 

d 

<\J 

C\J 

• 

C\J 

OJ 

eo 

• 

o^ 

> 

^N 

a> 

VC 

tNJ 

^M 

< 

C 

m 

a> 

PO 

Ul 

VO 

m 

• 

• 

• 

• 

• 

00 

2 

O 

vn 

u-> 

"^ 

»^ 

^^ 

X 

CO 

o 

00 

ir> 

ir> 

o 

CM 

<\j 

00 

^ 

CSJ 

2 

• 

Lfl 

«■ 

Ol 

O 

00 

> 

• 

• 

• 

• 

• 

< 

CO 

ID 

CM 

^N 

v£> 

00 

C 

*i^ 

<■ 

Lf» 

00 

VC 

<y\ 

• 

• 

• 

• 

• 

*-4 

2 

O 

ro 

• 

VA 

in 

PO 

^ 

X 

■ 

> 

• 

0 

C\J 

^■ 

o 

CNJ 

CSJ 

2 

ce 

S 

H- 

cr 

t— 

e 

^ 

(T 

»— 

cr 

^ 

ai 

^■ 

^ 

g 

O 

0 

u 

^ 

fi 

fi 

£ 

a» 

o 

C 

c 

1/1 

O 

E 

to 

o 

o 

u 

O 

s 

o 

U 

r 

r 

UJ 

r 

h- 

^ 

^• 

*• 

r 
< 

5    _,     ô 

_J 

t 

C 

-J 

r 
< 

_1 

i 

_j 

Ê 

-1 

_1 

UJ 

o 

a: 
o 

t  1  1 

■^ 

o 

O 

■^ 

ir 

o 

^ 

o 

^ 

O 

^ 

^ 

2 
< 
cr 

< 

Q. 

£ 

^ 

3n 

2n 

l_ 

^ 

£ 

=k 

UJ 

w 

e 

u 

UJ 

E 

r 

x> 

i. 

*— 

Q 

o 

_j 

i. 

u 

o 

< 

o 

O 

o 

•D 

<*- 

o 

C 

c 

< 

•*- 

^ 

O 

o 

O 

(D 

s 

c 

UJ 

Q 

Q 

U 

k. 

ai 

O 

o> 

o 

O 

£ 

t 

o 

o 

ai 

>> 

>» 

o 

ir 

O 

O 

■* 

^ 

D 

X 

X 

\_ 

3 

i- 

l. 

r 

r 

1/1 

O 

o 

o 

Q. 

CD 

œ 

o 

u 

o 
o 

Û.. 


c 
o 


LU 

03 

< 


cr, 

1 

r». 

(\j 

^M 

1 

6> 

O 

O 

o 

• 

O 

• 

> 

O 

d 

«^ 

PiN 

r** 

o 

< 

^ 

O 

• 

c 

^ 

00 

a» 

i 

O 

o 

ro. 

• 

O 

o% 

o 

~  " 

"  ~ 

"  ~  ~  ~ 

d" 

o 

o 

• 

m 

CNJ 

o 

«^ 

X 

• 

• 

o 

O 

d 

«e 

f» 

r«. 

o 

2 

eo 
m 

n 

^^" 

r^ 

O 

CM 

• 

o 

O 

0> 

• 

* 

■ 

> 

< 

o 

o 

(O 

p«» 

o\ 

O 

r>» 

CM 

f^ 

(\j 

^^ 

00 
0^ 

• 

C 

o 

o 

ro 

• 
O 

o 

2 

^-1 

00 

•^ 

""_ 

*  * 

""  ~  ~  "uT  " 

r». 

• 

o 

O 

X 

V 

O 

• 

i 

O 

d 

o 

>o 

CM 

PO 

tSi 

^H 

CM 

^-4 

-H 

r^ 

-^ 

n 

o 

O 

• 

-^ 

m 

o 

> 

o 

d 

CM 

LT) 

un 

d 

< 

m 

CM 

• 

- 

C 

• 

VO 

o 

o 

O 

•-^ 

eo 

o 

00 

2 

•H 

a^ 

•-H 

VO 

o 

a> 

X 

« 

p^ 

O 

o 

o 

2 

d 

d 

m 

m 

O 

d 

A 

ro 

VO 

«■ 

cr.     h- 

Of 

t— 

ce 

-J 

ce 

-J 

2 

h- 

_l 

E 

£ 

e 

c 
o 

o 

o 

C 
3 

t 

o 

o 

o 

o 

jC 

U. 

^ 

Lk. 

^ 

O 

^ 

U. 

^" 

ir 

■^ 

2 

2 

\ 

•^ 

u 

\ 

•^ 

2 

\ 

•^ 

LU 
LU 

2 
< 
ce 
< 
a. 

1   — ' 

2.     h 

o   3^ 

E 
o 

c 

D 
O 

u 

E 
o 

c 

D 
O 

(J 

o 

o 

C 
O 

cr 

LU 

E 
o 

c 

o 
u 

r 

•■ 

— 

^ 

0. 

< 

— 

^ 

S 

^ 

— 

X 

^ 

U 

< 

LU 

o 

o 

•D 

o 

H- 

^ 

h- 

<-) 

o 

U 

O 

u 

^ 

o: 

< 

O 

LU 

«• 

o 

LU 

X 

^ 

^ 

"D 

K- 

•^ 

O 

c 

H- 

o 

o 

C 

< 

o 

■^ 

o 

O 

X 

+- 

o 

O 

LU 

•^ 

o 

r 

< 

< 

o 

(0 

■♦- 

Œ 

o 

1 

Q. 

03 

cr 

►— 

u. 

un 

^— 

1— 

1 

9 
O 

o 

0. 


C 

o 


CD 

< 


d» 

r*-* 

in 

O 

«J- 

cn; 

> 

O 

ro 

— ^ 

< 

o 

d 

O 

«• 

• 

c 

«M 

CO 

^^ 

Oi 

2 

o 

d 

o 

"1" 

o 

X 

o 

f». 

o 

o 

o 

• 

0\ 

• 

in 

2 

o 

o 

d 

00 

d 

o 

VO 

> 

o 

«o- 

< 

• 

o 

d 

o 

d 
i 

OJ 

IT) 

eo 
a. 

o 

• 

o 

o 

m 

t 

00 

o 

X 

o 

CS( 

o 

2 

d 

CNJ 

o 

m 

6 

> 

0\ 

o 

< 

o 

d 

m 

. 

VO 

• 

ro 

œ 

c 

O 

a> 

^ 

-^ 

2 

o 

d 

• 

o 

X 

VO 

0 

"^ 

2 

o 

o 

*- 

t- 

►- 

E 

o 
o 

2 

u. 

^ 

♦- 

•♦- 

^ 

2 

(0 

_l 
E 

C 

2 

D 

o 

u 

^ 

o 

^ 

U 

^" 

o: 

u 

2 

u 

\ 

•^ 

u 
o 
o 
o 

a 

UJ 

>— 

Ui 

< 
< 

Q. 

a: 

UI 

1— 

E 
u 
o 

c 

D 

o 
o 

o 

c 

o 
u 

c 

o 
u 

< 

^ 

0. 

9 

X 

^ 

u 

o 

■o 

^• 

o 

o 

u 

CO 

UJ 

o 

H- 

^ 

•o 

^ 

< 

o 

c 

o 

UJ 

o 

o 

o 

cr 

© 

9 

t— 

b. 

(>0 

u 

TABLE  5 

WATER  PLANT  OPTIMIZATION  STUDY 
•PARTICULATE  COUNTING.  SUSPENDED  SOLIDS  AND  ALGAE  COUNTS' 


06/04/87  (REV.  1) 


CV4 
O 


o 


E 

Z3 
to 

< 


SI 


o 


O 

IT) 


o 
o 


m   o^ 
<    g 


■D 

0 

^^ 

o 

^ 

«• 

«a-  CM 

«• 

VO  CM 

00 

0 

I. 

• 

• 

•    • 

• 

■              • 

• 

00 

v-4 

CM 

PO 

«• 

PO 

o  o 

PO     TT 

00   CM 

ID     ID 

VO  CM 

fn 

«■ 

• 

• 

• 

• 

• 

• 

^H 

CM    O 

— <    «• 

ID   ID 

00 

ID 

CM 

O 

— <    «■ 

V 

^ 

ID 

OD 

Ol 

■"■  " 

-  _  — 

■  ~"  ~~ 

^  '^ 

_  _— 

""'""" 

"  ~ 

"" 

~~  ~~ 

a: 

ir>  po 

00    ^ 

VO   «■ 

VO     ID 

VO  r». 

«■ 

ID 

a>  CM 

ID      LD 

VO   CM 

^H 

-H 

o 

PO 

f^      ID 

CSJ    CM 

ro 

00  -< 

ID 

cvj  VO 

«• 

-H    ID 

CM 

PO   PO 

—H 

<-H 

PO 

ID 

r^ 

PO   -H 

CM 

ID   CM 

PO 

PO 

^^ 

ID 

CM 

o 

«■ 

o 

^^ 

V 

"D 

o 

^- 

D 

ID 

ffi 

^ 

m 

VO 

Ol 

^H 

o 

00 

a\ 

• 

1. 

• 

• 

• 

• 

• 

• 

PO    O 

o 

VO 

^H 

o 

^     CO 

vn 

<rr  O 

-H      ID 

-<  o 

o  <■ 

CM   O 

'^ 

«■ 

CM    O 

O     PO 

PO 

m 

CD 

tr> 

^  ■ 

»  ^—  ^ 

■  ^"  ^ 

^  ^" 

^  -*  ' 

^  M*  ^ 

"  ^ 

"  ^ 

'  ^^  ^^ 

^^  ^^ 

^"  "*  "■ 

^  " 

"  ~ 

"   "■" 

"" 

^_  MM 

> 

O 

&^  VO 

«■    «■ 

ID  c^ 

-H       «■ 

e^  o 

CM 

ID 

r^  00 

PO    «■ 

CM    PO 

0^ 

LD 

CM 

PO 

o    ^ 

az 

CM    -H 

m 

ID   -H 

er, 

^N    ^N 

r^ 

O-   00 

VO 

CO    «3- 

PO 

r^ 

CM 

VO 

CNJ 

— H    CM 

VO 

r-.  PO 

VO 

r». 

«• 

<o 

•D 

- 

(D 

■*- 

D 

t\J 

tr> 

LD   PO 

^1 

ID   PO 

,-1 

a> 

CM 

V 

«• 

CO 

O 

• 

• 

•       • 

• 

•       • 

• 

• 

• 

• 

• 

I. 

^  o 

-H      ^• 

PO   O 

— <    «• 

PO  o 

>H 

PO 

o  o 

O     PO 

r^  O 

CM 

^ 

CO 

o 

'^    V 

iS> 

t— 

CD 

a> 

~"  " 

-  _  .^ 

— .  — _ 

"~  ~~ 

_  ^  . 

» 

PO 

• 

VO 

O 

—  o 

-H   m 

PO  o 

VO     ^ 

PO   ID 

ID 

^ 

PO   t>^ 

ID      PO 

^•4    >4 

«• 

ID 

.4 

VO 

PO      VD 

o: 

O  ir> 

r»» 

ID 

PO    VO 

PO 

PO   ID 

00 

CM    CM 

00 

r^ 

CO 

lyi 

-H 

CSJ 

^H 

—4 

tx«    CM 

«• 

r^ 

CM 

«• 

10 

CO 

0} 

(0 

(0 

«3 

^ 

■♦- 

+- 

*■ 

■+- 

^ 

« 

« 

«5 

Ifi 

« 

« 

s     0) 

«     (D 

B 

C 

m      C 

s 

c 

»     0 

•           • 

.  t— 

•          • 

.  t- 

•                • 

• 

t— 

m           • 

.    t- 

•          • 

• 

h- 

• 

• 

.  t— 

X    C 

D>     . 

X    C 

O     . 

X    C 

o 

. 

X    C 

O     . 

X     C 

o> 

• 

X 

C 

Qi     . 

o  — 

>    O 

o  — 

>    O 

o  - 

> 

O 

o  — 

>  o 

o  — 

> 

o 

D 

^ 

>    O 

2   2 

<   2 

2   2 

<    2 

2  2 

< 

2 

2   2 

<    2 

2   2 

< 

2 

2 

2 

<    2 

2 

« 

. 

• 

• 

0 

^» 

C 

^ 

U 

l_ 

> 

C 

2 

o 

o 

O 

Q. 

o 

3 

i 

-3 

u. 

2 

< 

2 

-5 

v£ 
CD 

01 


c 
o 

03 


0 
E 
o 
0 
o 


CM 

o 

CM 

S 

o 


£ 

< 


C 

o 
o 


o 
in 


CD 

< 


oo 

•D 
O 

4- 

o 
o 

o  •  •  * 

-^  "N  in 

r^  O  O  vo 

CM     CM 

PO  O  IT) 

O  lA  VO  tn 

... 

O)  M  lA 

CO  CM 

•    • 
00  -<  V  V 

in 

IT)  —  V 
... 

CM  o  -<  cn 

o>  cvj  »-«  V 
a>  V  vo 
m  m  ot 

CM  ro  CO 

CM      M 

Oi  to  CO  «o 
(O  -N  00 

CM  O  00  VO 

tn  o  V 

PO  -N  CM 

VO  O  -4  r*. 

-N  I/»  CM 
VO  -N  PO 

.^  VO  -M  1^ 

«T  VO  f^ 

p^  — 1  m 

IT) 

m 
ai 

"O 
O 

■♦- 

o 
» 

I. 

«•  o  «■  o 

<M       CM  — < 

a»  m 

CO  o  p*  m 

CM 

»   VO 

CM  ir>  00  <• 

?»»  O  ro  VO 

— »  O  VO  ^ 

in          ID 

.     • 
-H  o  O  «r> 

o 

cr 

ir>  ir>  IT)  ^ 

-H  m  o 

O   Lf)  fSJ 

C\J        -M 

— »  — 4  r».  so 
a>  — «  00 

00     00  V 

V  PO   -H 

o  a»  po  po 
Ln  CM  00 

VO  «■  r».  uo 
VO  m  VO 

V      CM 

O  IT»  CM  O 

O  VT)  CO 
CM  -H  -^ 

■f- 

o 

o>  O  f^  to 

n    po 

ro  O  —  'T 

ir>  o  -H  V 

VO  IT) 

^  O  vn  «■ 

m    00 

«          • 

«■  o  o  ^ 

O  O  O  PO 

o 

tr 

CM   0>  U1 

po  r^  CM  po 

o<  P^  -^ 

l/>  "N   PO 

o%  «•  •-<  ^^ 

O^  O^  00 

PO    -^ 

CM  O  «■  ^ 
-H  U1  CD 
rl  CM  CM 

r».  PO  O  PO 
PO  CO  -H 
CM  -H  CM 

Max. 
MIn. 
Avg.  ■ 
No.  Tests 

Max. 
MIn. 
Avg.  ■ 
No.  Tests 

Max. 
MIn. 
Avg.  • 
No.  Tests 

Max. 
MIn. 
Avg.  ■ 
No.  Tests 

Max. 
MIn. 
Avg.  « 
No.  Tests 

Max. 
MIn. 
Avg.  ■ 
No.  Tests 

1 

• 
-3 

< 

• 

a 
(/I 

o 

o 

• 

> 
o 

z 

. 

o 
o 

a 

V0 
CO 

a» 


o 


c 
o 


^        o 


o 
E 
o 
o 

u 


TABLE  6 

WATER  PLANT  OPTIMIZATION  STUDY 
"BACTERIOLOGICAL  TESTING" 


06/04/87  (REV.  1) 


O 
C 

O 
S 

c 


e 

c 
o 

I. 


vo 
00 
91 


o 


«/» 


9 
O 


< 

u 

o 

«J 

o 

c 
m 

— 1 

o 

a. 

"- 

.^ 

cc 

I. 

UJ 

1- 

o 

o 

< 

— 1 

CO 

• 

a: 

^ 

o 

*^ 

o 

c 
o 

u 

(A 

o 

UJ 

' 

_i 

oo 

œ 

o 

< 

3 

1/1 

D 

O 
O 

o 

UJ 

(T 
t— 
lO 

—1 
< 
u 

UJ 

-sr 
1 

o.   — 

00  <^ 

—  o 

>0     «N 

o    «» 

—  f^ 

o~  o 

».  o 

OD     O 

CO    o 

—    r^ 

—    ^ 

■ 

> 
< 

o  o 

o  o 

to 

o 

• 

o 

o  o 

o 

o  o 

o  o 

o 

o 

• 

e 

o 

o 

• 

o  o 

• 

o  o 

• 

c 

2 

o  o 

o  o 

o 

o  o 

o  o 

o  o 

o 

o 

o 

o 

o  o 

o  o 

• 

X 

o 

2 

o  o 

o  o 

r\ 

—  o 

o  o 

o  o 

o 

- 

o 

o 

ie   o 

•r    o 

2 
o: 

o 

u. 

—J 
O 

u 

— i 
< 
u 

LkJ 

u. 

B 
• 

CO    s 

a  03 

»  o 

Ov     GD 

9<     CD 

*  o 

P~  \o 

Ov    CD 

0\     CD 

P»    ic 

«  o 
o>   CO 

0^     CO 

• 

■ 

> 
< 

«  o 

irv 

•^  o 

• 

—  o 

• 

—  o 

• 

—  o 

CO 
• 

in 

—  o 

Kt 

c 

2 

o  o 

o  o 

o  o 

o  o 

o  o 

o  o 

o  o 

o 

o 

o  o 

o  o 

o  o 

• 

X 

o 

2 

o  o 

o  o 

o   o 

if\ 

o  o 

o 

ir> 

o  o 

o  o 

P~  o 

o 

o 

o  o 

o 

o  o 

o  o 

o 
IV 

3 
q: 
o 
u. 

-J 
o 
o 

—1 
< 

o 

• 

a>  CO 

w    « 

»   o 

0\    m 

0\    0 

p~   >o 

o\  CO 

"r   o 

Oi    OD 

r^    vo 

»    CD 

p.    \o 
Oi    oo 

• 

• 

> 
< 

o 
o 

ir\      * 

P»    o 

o 

<V4     O 

o 

o 

f^     • 

1^    o 

r- 

O 

O 

ir\     • 

—    O 

o 
p^     • 
—  o 

o 

o 
o    • 
—  o 

<c  o 

in   o 
in 

o 
o  o 

r<    O 

o 
o 

vo  — 

p*    • 

_  o 

o 
in    o 
«  o 

• 

c 

2 

o  o 

o   o 

O    O 

o  o 

o  o 

o  o 

o  o 

o  o 

—  o 

o  o 

o  o 
fx 

• 
X 

o 

2 

o   - 
o 

o   in 

o 
o 

o  — 

o 

ir» 

o 

o  — 

o 

ir\ 

O     <M 

o 
o 

o  o 

o 
\o 

o  o 

o 

o   — 
o 

OD 

o 
o 
p* 

o 
o 
p* 

cr 

Ul 

»— 

< 

tr»- 

at- 

q:»- 

o:»- 

q:»- 

ech- 

trt- 

tc»- 

(C^- 

tr»- 

CI- 

cri- 

I 

^- 

z 
o 

2 

• 

c 
o 
-> 

• 

• 
u. 

• 

I. 
o 

2 

• 

a 

< 

> 
o 

3 

• 
c 

-i 

-3 

• 

o 

< 

à 
t> 

• 

o 
o 

• 

> 
o 

2 

• 

o 
e 

o 

O  \ 

«*      O  -t- 

œ     —  c 

—  •♦-  o 

CO 
U  D 
O  O  CI 
t-  U  3 
O 
C        I     L. 

o        o 

O       Q. 

2      3  (0 

O  3 

O      U  O 

—  C3  O 

k-      ^  o 
•*-       E  O 

O      \.  o 

E      O  -^ 
O      H-   Û 

«    —  « 

CO      —  I. 

O-t- 

•        U  I/) 


o 

a. 


O 

r 


e 

c 
o 

V. 
E 

(D 


00 


O 

Z 


LU 


< 
U 

o 

o 


cr 

UJ 

»— 
o 
< 
m 


o 

■ 
UJ 

-J 
< 


1/1 

3 
u 
(J 

o 
o 

o 

Q. 
UJ 

cr 
^■ 
i/> 

-J 
< 
u 

UJ 

• 

É 

<>  — 

œ  — 

a>   o 

VO  o 

o  o 

a>  o 

VO  — 

O  O 

»  o 

o  rM 

Ov  O 

^  — 

u 

> 
< 

• 
O  O 

ir 

• 

O  o 

• 

o 

o 

o 

o 

O  O 

o 

o 

O  O 

eo 
«N 

• 
O 

<D 

O 

• 

o  o 

• 

c 

2 

O  o 

o  o 

o 

o 

o 

o 

O  O 

o 

o 

O  O 

o 

o  o 

• 

X 

O 

2 

1^  o 

»  o 

r»* 

o 

o 

o 

o  o 

o 

o 

O  O 

«N 

—  o 

2 
ir 

o 

u. 

—J 

o 
u 

—1 
< 
u 

UJ 

u. 

â 

ai   » 

o  VO 

••  o 

r»  VO 
ov  n 

Ov  o 

f»  VO 

r»  VO 
9v  s 

Ov  o 

r»  VO 

»  o 

91  O 

p»  VO 
ov  o 

m 

6> 

> 
< 

o  o 

«M  o 

lO  o 

rv* 

«M 

• 

o  o 

• 

o  o 

O 
VO 

«M   O 

r-  o 

o 
»  o 

r»  o 

VO 

VO 

• 

c 

2 

o  o 

o  o 

o  o 

e  o 

o  o 

e  o 

o  o 

o  o 

o  o 

O  o 

O  O 

o 

X 

o 

2 

o  o 

o 

o  o 

o 
o 

o  o 

o 
s 

o  o 

»  o 

»  o 

m    O 

o  — 
in 

r^    O 

o  o 

O  O 

O 

o 

3 
IT 
O 
u. 

_j 
O 
u 

—J 
< 

o 

U3 

C 

9>  a> 

a>   o 
o  <o 

r~  VO 

OV  OB 

p.  lO 

ov  eo 

»  o 

(-.  VO 
9v  O 

f^  VO 
9v  O 

r~  VO 

Ov  O 

p.  VO 

• 

> 
< 

o 
to 

ô 
>o  o 

•  -  -NT 

o 
—  o 

trv 

»o 

o 

^«^  o 

lo 

r\    o 

O 
• 

VO  O 

lO 

O 
• 

r»  o 

a> 

o 

• 

s  o 

o 

IN  O 
VO 

O 
VO  O 

• 
tM  O 

-^  - 

VO 

O 
• 

r-  o 

• 

C 
2 

o  o 

o  o 

o  o 

o  o 

o  o 

O  o 

O  o 

O  O 

O  o 

O  o 

o  o 

O  o 

* 

X 

o 

2 

o  — 

o 

o 

o  — 

o 

o 

o  — 

o  «M 

o 

o  o 

r- 

o  — 

o  IN 

o 

O  -o 

o 

VO 

o  — 
o 

o  <N 

o 

o  — 

o 

o 

o  — 

Ov 

O 

UJ 

< 

ir  t- 

cet- 

crt- 

azt- 

Œl- 

crt- 

œt- 

rr  t- 

Œt- 

tr^- 

Kt- 

crt- 

X 

H- 
Z 

O 

2 

• 

c 
o 

-5 

• 

o 
u. 

• 

o 

2 

m 

O. 

< 

O 

2 

e 

c 

-3 

-3 

« 

o 

< 

• 

a 

00 

• 

o 
o 

• 

> 
O 

Z 

d 
o 

o 

e 

o 

a. 


u 
o 
o 
o 

►— 
a, 

UJ 

tr 

m 

-J 
< 
u 

UJ 

u. 

in 

M 

CO     o 

p^    ^ 

o    o 

OB     O 

(^  — 

o>  — 

00   o 

o    o 

m  o 

a>    o 

o  o 

W      IN 

> 
< 

o 

o 
le 

• 
o  o 

o 

o 

O    ri 

•      • 

o  o 

o  o 

o 

,°_. 

O 

o 

• 

O 

• 

• 

c 
i 

o 

o  o 

o 

o 

o  o 

o  © 

o 

o 

o 

o 

o 

o   o 

X 

1 

o 

1^   o 

o 

o 

—  _ 

o  o 

o 

o 

o 

o 

K\ 

•N     O 

2 

IT 
O 

u. 

-J 
O 
u 

—1 
< 
u 

UJ 

u. 

9.    ec 

*  o 

o>  eo 

(ÏV0O 

Ov     OO 

'T     O 
0>     00 

»    oo 

^! 

p~    vo 

> 
< 

«NJ 

1^    o 

o 

• 

o 

• 

—  o 

o  o 

O    r~ 

•      • 

rsi 

a>  o 

1^    o 

IN 

c 

2 

o 

o  o 

o   o 

o  o 

Oo 

o  o 

o  o 

o   o 

o   o 

O    o 

o  o 

o   o 

X 

o 

2 

o 

o  o 

o  o 
ir> 

eo 

<o  o 

«M     O 

»  — 

o   o 

O    O 

1^ 

o  o 

o    <= 
eo 

IN 

2 
cr 
o 

u. 

_i 
O 
u 

-J 
< 

o 

in 

• 

a 

> 
< 

Ov   eo 

o 
e>  o 

-  -  f«.' 

o 
»  o 

to   => 

»   o 

--irr 

o 

o 

• 

•M      O 

<N     O 

»  o 
o\  o 

-  -vO- 

o 
o 

o  o 

e^   00 

• 
«  o 

Ov     OS 

■  -  -&- 

o 

• 

o  o 

&-     CO 

o 
,o   o 

0\    eo 

-  -Œ 

o 

"    Ô 
eo 

V    o 
e>  oo 

-  -■*■ 
o 

t>.  o 
rsj 

Oi    oo 

TM- 

rg 

O 
• 

\o   o 

s 
n 

i 

o  o 

O    O 

o  o 

o  o 

o  o 

o  o 

o  o 

o   o 

o  o 

o   o 

O  O 

—    O 

• 
X 

i 

o 

O  — 

o 

o  o 

o 

o   — 
o 

o  o 

fM 

o  — 
l»> 

o  o 

o   \o 

IN 

o   — 

o   — 

o 

o  — 
o 
IN 
in 

o    — 

o 
o 
o 

UJ 

< 

œ»- 

trt- 

a:*- 

tr»- 

trt- 

œ»- 

crt- 

tr»- 

a*- 

tr»- 

ert- 

crt- 

I 

Z 

3 

• 

c 
o 

-5 

o 
u. 

• 

i- 
o 

2 

Q. 

< 

> 
o 

2 

e 

c 

D 

-3 

>1 

-5 

• 

o 

< 

• 

a 

• 

o 

o 

• 

> 
o 

z 

o 
o 
a 

o  •*- 

—  c 

"t-  o 

c  u 

o  a 

o 

I     L 
O 

a. 
D  w 

O  D 
U  O 

u  o 

o 

Ê  o 

l_  o 

o-^ 
•t-  Û. 

—  « 

—  l- 
o  •*- 

CJ  (/I 


APPENDIX  D 
TERMS  OF  REFERENCE 


WATER  PLANT  OPTIMIZATION  STUDY 

GENERAL  TERMS  OF  REFERENCE  Page  1 


Purpose 

To  review  the  present  conditions  and  determine  an  optimum  treatment 
strategy  for  contaminant  "removal  at  the  plant,  with  emphasis  on 
particulate  materials  and  disinfection  processes. 

Work.  Tasks 


1.  Receive  an  information  package  from  the  MOE.  Review  the 
information  provided  and  meet  with  the  MOE  staff,  if  required,  to 
discuss  the  project. 

2.  Document  the  quality  and  quantity  of  raw  and  treated  waters. 

3.  Define  the  present  treatment  processes  and  operating  procedures. 
Prepare  a  progress  report  on  Works  Tasks  1-3  for  the  Project 
Committee. 

4;  Assess  the  methods  of  efficient  particulate  removal  which  would 
utilize  the  present  major  capital  works  of  the  plant.  Evaluate 
the  particulate  removal  efficiency  and  sensitivity  of  operation, 
assuming  optimum  performance  of  the  plant. 

5.  Assess  current  disinfection  practices  and  possible  improvement 
methods. 

6.  Describe  possible  short  and  long-term  process  modifications  to 
obtain  optimum  disinfection  and  contaminant  removal. 

7.  Prepare  a  draft  report  for  the  project  committee's  review. 

8.  Prepare  the  final  report. 
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1.  RECEIVE  AN  INFORMATION  PACKAGE  FROM  THE  MOE.  REVIEW  THE 
INFORMATION  PROVIDED  AND  MEET  WITH  THE  MOE  STAFF,  IF  REQUIRED,  TO 
DISCUSS  THE  PROJECT. 

Elements  of  Work  ^^ 


(a)  Receive  an  information  package  from  the  MOE  concerning  the  plant 
and  the  study.  This  package  includes  a  general  terms  of 
reference,  a  general  table  of  contents  for  organizing  the  study  in 
a  manner  consistent  with  other  plant  reports,  the  WPOS  reporting 
tables  and  a  copy  of  Ontario  Drinking  Water  Objectives. 

(b)  Review  the  information  and  prepare  for  a  meeting  to  initiate  the 
work  on  the  project,  including  preparation  of  a  schedule  of 
manpower  and  staff  committments. 

(c)  Meet  with  the  MOE  to  discuss  the  available  data,  the  terms  of 
reference,  and  the  project  staff  and  work  schedule.  If  a 
consultant  is  carrying  out  more  than  one  study  it  may  not  be 

■  necessary  to  meet  with  the  MOE  at  the  start  of  each  study. 
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2.   DOCUMENT  THE  QUALITY  AND  QUANTITY  OF  RAW  AND  TREATED  WATERS. 
Elements  of  Work. 

(a)  Prepare  a  monthly  summary  of  maximum,  minimum,  and  average  flows 
for  the  last  three  consecutive  years  (Table  1.0).  Address  any 
discrepancies  which  exist  between  raw  and  treated  flow  rates. 

(b)  Based  on  the  above,  briefly  review  and  tabulate  for  the  last  three 
years,  the  monthly  maximum,  minimum,  and  average  per  capita  flow 
for  the  total  population  served  by  the  plant  (Table  1.1).  Compare 
the  plant  data  with  typical  per  capita  flows  for  the  local  region. 
Indicate  major  consumers  who  may  influence  the  figures. 

(c)  Document  the  methods  of  measuring  the  raw  and  treated  water  flow 
rates. 

(d)  Summarize,  for  the  last  three  consecutive  years,  where  available, 
the  raw  and  treated  water;  turbidity,  colour,  residual  aluminum/ 
iron,  pH,  temperature  and  treatment  chemical  dosages  (other  than 
disinfection  and  fluoridation).  The  summary  should  indicate  the 
monthly  daily  average  and  maximum  and  minimum  day  (Table  2.0). 

For  the  same  three  year  period,  tabulate  also  the  daily  average 
for  the  typical  seasonal  months  of  January,  April,  July  and 
October  as  well  as  other  months  in  which  problems  with  particulate 
removal  occurred  (Tables  2).  Document  enough  data  to  define  and 
evaluate  those  problems. 

Record  other  data,  such  as  particulate  counting,  suspended  solids, 
and  algae  counting  (Table  5.0)  which  could  reflect  on  particulate 
removal  efficiency. 

Document  the  source  and  methods  used  in  determining  all 
information. 

A  comparison  should  be  made  between  the  plant  and  outside 
laboratory  information  to  ascertain  the  relative  validity  of  the 
data.  For  plant  data,  emphasis  should  be  given  to  plant 
laboratory  tests  rather  than  continuous  process  control 
instruments . 

(e)  Summarize  for  the  last  three  consecutive  years,  where  available, 
the  disinfectant  demand,  dosages  (including  all  disinfection 
related  chemicals  and  residuals)  for  all  application  points 
as  well  as  fluoridation  dosage  and  residual.  The  summary  should 
indicate  the  monthly  daily  average  and  maximum  and  minimum  day 
(Table  3.0). 
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For  the  same  three  year  period,  tabulate  (Tables  3)  the  daily 
average  for  the  typical  seasonal  months  of  January,  April,  July 
and  October  as  well  as  other  months  in  which  problems  with 
chlorine  residuals  and/or  positive  bacterial  tests  identified  in 
Table  6.  Document  enough  data  to  define  and  evaluate  those 
problems. 

Document  the  methods  of  dosage  evaluation  and  residual 
measurements,  and  estaolish  the  validity  of  the  data  provided" 

(f)  Prepare  a  summary,  based  on  at  least  three  years  of  data,  of  the 
raw  and  treated  water  quality  testing  data  for  physical, 
microbiological,  radiological,  and  chemical  water  quality 
information  (Table  4).  Document  as  much  data  as  is  needed  to  show 
possible  seasonal  trends  in  water  quality.  Where  possible,  show 
corresponding  sets  of  raw  and  treated  water  quality  information. 

Document  the  source  and  methods  used  in  determining  all  water 
qua li  ty  i  nf ormat  i  on  and  establ ish  the  val idity  of  the  data, 
comparing  plant  and  outside  laboratory  data. 

(g)  Tabulate,  for  the  last  three  consecutive  years,  the  raw  and 
treated  water  bacterial  test  information  at  the  plant 
(Table  6). 

Document  the  source  and  methods  used  for  all  data  provided. 

(h)  Document  the  water  sampling  systems  (source,  pump,  line-material 
and  size,  vertical  rise  velocity  sampling  location)  used  in  the 
plant  (similar  to  DWSP  Questionnaire  in  Appendix  A). 

(i)  Prepare  a  summary  of  inplant  testing  including  Test,  Sampling 
Point,  Testing  Frequency,  Reporting  Frequency,  Testing 
Instrumentation  including  calibration. 

(j)  Identify  other  water  quality  concerns,  not  related  to  particulate 
removal  or  disinfection,  which  should  be  considered  as  part  of  the 
assessment  phase  of  this  evaluation  program. 
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3.  DEFINE  THE  PRESENT  TREATMENT  PROCESSES  AND  OPERATING  PROCEDURES. 
PREPARE  A  PROGRESS  REPORT  ON  WORK  TASKS  1-3  (8  COPIES),  FOR  THE 
PROJECT  COMMITTEE. 

Elements  of  Work, 


(a)  Where  drawings  are  available,  assemble  sufficient  record  drawings 
of  a  reduced  size,  to  document  the  general  site  layout  and  the 
interrelationship  of  major  plant  components.  If  available, 
include  a  process  and  piping  diagram  (PAPD)  of  the  plant 
operations. 

(b)  Prepare  a  simplified  block  schematic  of  all  major  plant  components 
including  chemical  systems  and  indicating  design  parameters. 
Appendix  B  is  an  example  of  the  required  standard  schematic. 

(c)  Prepare  a  photographic  record  of  the  plant  facilities, 
illustrating  all  of  the  major  plant  components  and  chemical  feed 
systems.  The  record  should  include  approximately  30-40  coloured 
(9  cm  X  12  cm)  (or  10  cm  x  15  cm)  prints,  suitably  labelled.  The 
progress  and  draft  reports  may  include  photocopies  in  lieu  of  the 
prints. 

(d)  Tabulate  the  design  parameters  for  all  the  major  plant  components, 
with  emphasis  on  the  process  operations,  including  chemical  feeds. 
This  information,  as  a  minimum,  must  be  consistent  with  the  DWSP 
Questionnaire  (Appendix  A)  and  must  be  confirmed  and  verified  by 
field  observations.  The  design  parameters  should  be  evaluated  at 
design,  rated  and  actual  operational  flows. 

(e)  Prepare  a  summary  of  how  the  plant  is  operated,  including  chemical 
dosage  control,  such  as  jar  testing  information,  filter 
backwashing  procedures  and  initiation,  and  pumping  and  flow 
control . 

(f)  Document  all  reported  and  other  apparent  problems  in  plant 
operations  and/or  in  the  distribution  system  related  to  water 
quality.  In  addition  list  the  health  related  parameters  which 
exceed  the  Ontario  Drinking  Water  Objectives  (Table  7). 

(g)  Submit  8  copies  of  the  progress  report  to  the  Prime  Consultant  for 
distribution  to  the  Project  Committee. 
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4.  ASSESS  THE  METHODS  OF  EFFICIENT  PARTICULATE  REMOVAL  WHICH  WOULD 
UTILIZE  THE  PRESENT  MAJOR  CAPITAL  WORKS  OF  THE  PLANT.  EVALUATE 
THE  PARTICULATE  REMOVAL  EFFICIENCY  AND  SENSITIVITY  OF  OPERATION, 
ASSUMING  OPTIMUM  PERFORMANCE  OF  THE  PLANT. 

Elements  of  Work. 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
particulate  removal  provided  in  Work.  Tasks  1  and  2  with  emphasis 
on  method,  metering  and  sampling,  etc. 

(b)  Using  information  provided  in  Work  Tasks  1,  2  and  3  evaluate  the 
plant's  particulate  removal  efficiency.  The  basis  of  minimum 
particulate  removal  should  be  1.0  F.t.u.  It  should,  however,  be 
recognized  that  it  is  desirable  to  strive  for  an  operational  level 
which  is  as  low  as  is  achievable. 

(c)  Conduct  an  evaluation  of  possible  optimum  performance 
alternatives.  Include  jar  testing  using  established  industry 
practice. 

(d)  Evaluate  the  feasibility  of  optimum  removal  using  the  existing 
plant  capital  works.  This  evaluation  should  consider  the  worst 
case  water  quality  conditions,  even  though  field  testing  data  may 
not  be  available  during  the  initial  phase  of  the  study  (see  Work 
Task  7). 

(e)  Describe  the  operational  procedures,  management  strategies,  and 
equipment  required  for  various  feasible  alternatives.  Estimate 
chemical  dosages,  level  of  operational  expertise,  and  sensitivity 
of  operation  of  the  alternatives. 
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5.   ASSESS  CURRENT  DISINFECTION  PRACTICES  AND  POSSIBLE  IMPROVEMENT 
METHODS. 

Elements  of  Work 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
disinfection  provided  in  Work  Tasks  1,  2  and  3  with  emphasis  on 
method,  metering  and  sampling  etc. 

(b)  Using  the  information  provided  in  Work  Tasks  1,  2  and  3  evaluate 
the  plant's  ability  to  disinfect  the  water.   The  basis  of  minimum 

'  disinfection  should  be  to  ensure  a  water  quality  as  described  in 
the  Ontario  Drinking  Water  Objectives. 

(c)  Conduct  an  evaluation  of  possible  optimum  disinfection  procedures 
for  the  plant,  with  consideration  also  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water. 

(d)  Evaluate  the  feasibility  of  the  various  alternatives  using  the 
existing  plant  capital  works. 

(e)  Assess  the  relative  merits  of  the  alternatives.  Describe  the 
operational  procedures,  management  strategies,  and  equipment 
required  for  the  feasible  alternatives.  Estimate  chemical 
dosages,  level  of  operational  expertise,  and  sensitivity  of 
operation  for  the  alternatives. 
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6.   DESCRIBE  POSSIBLE  SHORT  AND  LONG-TERM  PROCESS  MODIFICATIONS  TO 
OBTAIN  OPTIMUM  DISINFECTION  AND  CONTAMINANT  REMOVAL. 

Elements  of  Work 


(a)  Prepare  a  list  of  modifications  which  should  be  considered  for 
detailed  implementation  evaluation.  Provide  an  estimated  cost  and 
possible  schedule  for  implementation  for  each  of  the  proposed 
modifications. 

It  is  not  the  purpose  of  this  study  to  provide  a  detailed 
implementation  scheme  for  plant  rehabilitation.  It  is,  however, 
necessary  to  scope  the  feasible  short  and  long-term  process 
modifications  required  to  achieve  optimum  disinfection  and 
contaminant  removals. 

(b)  Incorporate  (a)  above  in  the  draft  report. 
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7.   PREPARE  A  DRAFT  REPORT  FOR  THE  PROJECT  COMMITTEE'S  REVIEW. 
(8  COPIES). 

Elements  of  Work 


(a)  The  report  must  include  all  information  for  Work  Tasks  1-6. 

The  information  must  be  organized  and  presented  in  a  logical  and 
co-ordinated  fashion.  A  general  table  of  contents  (Appendix  C)  is 
provided  for  organizing  the  material  in  a  manner  consistent  with 
other  plant  reports. 

Submit  the  draft  report  for  review  by  the  Project  Committee. 

(b)  Meet  with  the  Project  Committee  on  site  at  least  one  week  after 
submission  of  the  report. 

(c)  Prepare  a  separate  letter  report  containing  recommendation( s) 
concerning  the  need  for  additional  field  testing  to  cover  quality 
conditions  not  available  during  the  period  of  this  study.  The 
Project  Committee  may  decide  to  delay  completion  of  the  final 
report  until  field  data  can  be  obtained  to  confirm  the  predictions 
of  performance  for  the  worst  case  water  conditions. 
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8.   PREPARE  THE  FINAL  REPORT. 
Elements  of  Work. 

(a)  Conduct  additional  field  testing  if  required.  Discuss  the 
implementations  of  the  results  with  the  Project  Committee  if  the 
res'^lts  differ  from  the  predicted  performance. 

(b)  Amend  the  report  as  per  review  comments,  incorporating  additional 
field  data  if  required. 

(c)  Submit  25  copies  of  the  final  reports  (including  the  colour 
photographs)  to  the  MQE  for  distribution. 
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